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^ SUMMARY 

Measuring  equipment  which  uses  a set  of  electromechanical  counters  to  indicate 
either  the  integrated  time  in  seconds  for  which  torque  loading  on  a transmission  component 
falls  within  each  of  a number  of  bands  or  the  number  of  times  each  of  a number  of  torque- 
bands  is  traversed,  is  described.  Separation  of  the  torque  level  into  bands  is  made  pos.dble 
u.iing  a .stngle  transducer,  an  amplifier  with  zero  and  gain  adjustments  for  .setting  the 
e.xtremes  of  the  torque  range  of  interest,  an  analogue  to  digital  converter  and  decoder  to 
.separate  the  torque  range  into  bands  and  counters  to  totalize  the  contributions  relevant 
to  each  band. 
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I.  INTROIM  CTION 


Fquipmcnl  which  provides  a readout  of  the  totalized  time  that  the  torque,  developed  iii 
the  mam  rotor  gearbox,  falls  within  each  of  a number  of  bands,  has  been  installed  in  some 
Wessex  helicopters  operated  by  the  Royal  Australian  Navy  (RANV  Complete  details  of  that 
equipment  are  given  elsewhere'.  Two  units  installed  in  1*^75  have  been  acquiring  torque  load 
data  which  have  been  used  in  the  estimation  of  the  safe  fatigue  life  of  critical  gears  in  Wessex 
aircraft. 

Since  the  program  of  gathering  torque  load  data  on  W'essex  helicopters  was  commenced 
the  RAN  has  acquired  a fleet  of  Sea  King  helicopters.  Because  reliable  predictions  on  the  safe 
fatigue  life  of  transmission  components  greatly  assist  helicopter  operators  to  plan  overhaul 
schedules  and  formulate  spares  strategy,  the  RAN  decided  to  install  similar  torque  logging 
equipment  in  Sea  King  helicopters.  circuits,  described  in  this  report,  have  been  used 

for  this  latter  application.  For  identification  purposes  the  equipment  fitted  in  Wessex  aircraft 
will  be  referred  to  as  the  Mk  I Torque  .Analyser  and  that  described  here  as  the  MW. 2 Torque 
Spectrum  Indicator  (or  lust  "indicator”). 

Sea  King  helicopters  are  fitted  with  two  engines  which  together  contribute  to  the  total 
torque  transferred  through  the  main  rotor  gearbox.  In  effect  main  rotor  gearbox  torque  is 
approximately  proportional  to  the  sum  of  the  individual  torques  developed  by  each  engine 
fo  make  ciKkpit  indication  of  developevi  torque  possible  a hydraulic  torque  sensing  system 
IS  employed  I he  axial  component  of  force  transferred  to  a helical  gear  at  the  output  of  each 
engine  i'  taken  as  a measure  of  torque  output  for  the  corresponding  engine.  This  force  is  counter- 
balanced by  a "cushion"  of  oil,  its  pressure  being  proportional  to  torque.  The  percentage  of  full 
load  torque  developed  by  each  engine  is  indicated  on  ciKkpit  meters  (two  needle).  .A  pressure 
transmitter  is  used  to  ttanslVvvm  the  pressure  signal  into  an  equivalent  synchro  angle  which  is 
transmitied  electrically  to  a receiving  synchro  in  the  ciH'kpit  torquemeter. 

To  sense  torque  for  the  application  described  herein  pressure  transducers  have  been  mounted 
in  the  hydraulic  torquemeter  lines  associated  with  each  engine.  With  such  an  arrangement  the 
system  becomes  independent  of  the  aircraft  pressure  to  synchro  angle  converter  and  can  be 
calibrated  prior  to  installation  in  the  aircraft. 

For  the  Sea  King  transmission  system  (up  to  and  including  the  main  rotor  gearbox)  there 
are  three  torques  to  be  measured  to  allow  computations  to  be  made  on  the  safe  fatigue  life  of 
all  relevant  gears: 

(i)  Torque  developed  by  port  engine  for  gearing  at  the  output  of  that  engine. 

(ii)  Torque  developed  by  starboard  engine  for  gearing  at  the  output  of  that  engine. 

(iii)  Sum  of  individual  engine  torques  for  gearing  in  the  main  rotor  gearbox. 

To  allow  spectra  corresponding  to  the  above  three  torques  to  be  measured  three  indicators 
are  required.  An  initial  installation  comprising  three  indicators  was  commissioned  in  a Sea  King 
helicopter  in  June  1978. 

Functionally  the  system  described  is  similar  to  that  employed  for  the  Mk.l  Analyser. 
However  circuit  details  vary  to  provide; 

(i)  Moditied  input  circuits  to  allow  torque  inputs  to  be  summed. 

(ii)  Improved  performance  relative  to  the  Mk.l  Analyser. 

(iii)  Increased  versatility  relative  to  the  Mk.l  Analyser. 

(iv)  Reduced  component  count  relative  to  that  for  comparable  functions  performed  by 
the  Mk.l  Analyser. 

(v)  Any  updates  considered  desirable  or  necessary  following  experiences  with  the  Mk.l 
Analyser. 

The  upvlated  indicator  is  a general  purpose  instrument  with  a wide  range  of  applications. 
It  need  only  be  supplied  with  an  analogue  voltage  signal  proportional  to  torque,  or  whatever 
other  quantity  is  to  be  totalized  in  the  manner  to  be  described.  It  can  be  used  not  only  to  indicate 
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total  time  for  which  torque  falls  within  each  of  a number  of  bands  but  also  (by  alternative  link 
selection)  to  indicate  the  number  of  times  each  of  a number  of  levels  or  bands  is  traversed. 

2.  GENERAL  DESCRIPTION  OF  LOAD  SPECTRUM  INDICATOR 

A block  schema  of  the  system  for  torque  load  spectrum  indication  is  given  in  Figure  1. 

Sensors  providing  electrical  outputs  proportional  to  the  torque  developed  by  each  engine 
are  required.  Strain  gauge  pressure  transducers  are  inserted  in  each  torquemeter  pressure  line 
(Sec.  1 ) for  this  purpose. 

A separate  instrument  is  required  for  the  indication  of  torque  loading  on  each  engine. 
If  the  torque  load  spectrum  for  gears  within  the  main  rotor  gearbox  is  required  then  the  outputs 
of  the  two  transducers  must  be  suitably  summed.  To  accommodate  all  these  possibilities  a 
2-channel  DC  amplifier  is  used.  When  the  two  input  signals  are  to  be  added  a special  link  is 
inserted  in  the  DC  amplifier  printed  circuit  board,  otherwise  with  the  link  removed  only  one 
transducer  output  is  analysed.  A balance  adjustment  is  necessary  when  the  two  transducer 
outputs  are  added.  Zero  and  gain  adjustments  are  provided  in  the  output  stage  of  the  DC 
amplifier.  These  two  adjustments  set  lower  and  upper  limits  for  the  torque  range  of  interest  and 
apart  from  the  balance  adjustment  (where  applicable)  are  the  only  adjustments  necessary  at  the 
time  of  calibration. 

To  remove  any  high  frequency  noise  components,  or  any  torque  components  out  of  the 
frequency  band  of  interest  a filter  is  incorporated  in  the  output  stage  of  the  DC  amplifier. 

Conversion  of  the  analogue  output  of  the  DC  amplifier  to  digital  form  is  performed  using 
an  ADC  (analogue  to  digital  converter).  In  effect  the  8-bit  ADC  allows  the  torque  range  of 
interest  to  be  divided  up  into  256  steps  (maximum)  which  may  be  suitably  combined  into 
torquebands. 

A master  crystal  controlled  clock  signal  is  suitably  divided  in  frequency  to  allow  conversion 
command  signals  to  be  generated  at  the  required  rate  for  the  ADC.  Conversion  rate  is  made 
sufficiently  high  to  ensure  that  the  input  signal  will  never  change  much  between  successive  con- 
version commands  at  the  highest  torque  signal  frequency  of  interest. 

The  torqueband  separator  (Fig.  I)  allows  operation  in  either  of  two  modes  (selectable  via 
link  connections  on  the  printed  circuit  board): 

(i)  Torque  duration  totalizer  (the  time  for  which  the  torque  falls  within  the  specified  band 
limits  is  totalized  for  each  band). 

(ii)  Level  exceedance  totalizer  (the  number  of  times  a torque  level  exceeds  a certain  specified 
value  and  subsequently  drops  below  another  specified  value  is  totalized  for  a number 
of  such  pairs  of  levels). 

For  either  system  the  appropriate  band  extremes  are  programmed  into  a plug-in  ROM 
(read  only  memory).  Each  time  a conversion  is  performed  in  the  ADC  the  levels  stored  in  the 
ROM  are  scanned  and  compared  with  the  ADC  output.  In  system  (i)  a pulse  is  transferred  to 
the  appropriate  pre-counter  after  each  conversion,  but  in  system  (ii)  pulse  transfer  occurs  only 
after  a pair  of  band  extremes  have  been  traversed, 

A pre-counter  (Fig.  I ) is  effectively  allocated  for  each  band  (i.e.  a total  of  ten  pre-counters). 
Counting  takes  place  on  a time-shared  basis  using  a single  counter  the  updated  contents  of 
which  arc  successively  loaded  back  into  a 64-bit  RAM  (random  access  memory)  which  stores 
the  ten  pre-counter  states  in  addresses  0 through  9.  In  addition  the  same  counter  and  RAM  are 
used  as  part  of  the  programmer  for; 

(i)  Dividing  the  frequency  of  the  master  clock  signal,  and  thus  setting  the  conversion  rate 
of  the  ADC. 

(ii)  Setting  the  duration  of  the  output  pulses  transferred  to  the  electromechanical  counters 
each  time  the  capacity  of  a pre-counter  is  reached. 

Output  from  the  pre-counter  printed  c’rcuit  card  is  in  the  form  of  a 4-line  address  which 
corresponds  to  the  address  (0  through  9)  of  the  readout  to  be  advanced  by  one  count.  When 
no  transfer  is  required  dummy  output  address  IS  is  used. 

A choice  of  link  positions  on  the  pre-counter  printed  circuit  board  allows  the  conversion 
rate  of  the  ADC,  the  count  range  of  the  pre-counters,  and  the  readout  transfer  pulse  duration 
to  be  separately  chosen  over  wide  ranges.  In  general  the  link  settings  for  the  torque  duration 
totalizer  will  be  quite  different  from  those  used  for  the  level  exceedance  totalizer. 
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r!ectronKxl)aiin.al  icadimi-.  with  decimal  indicalion  are  used.  These  readouts  increment 
b>  one  each  time  their  coils  are  eneryi/ed.  Other  systems  of  storing  totalized  counts  over  long 
periods  were  consideied  (eg.  core  memory,  MOS  memory  etc.)  but  it  was  felt  that  the  electro- 
mechanical readout  was  the  best  in  this  instance  because; 

(i)  Ti>tali/ed  count  readings  are  almost  indestructible  and  no  standby  current  is  required 
for  storage  or  display  after  a flight. 

(ii)  Totalized  counts  can  be  easily  read  at  any  time  without  the  need  for  ancillary  display 
equipment. 

(iii)  Because  the  system  is  required  to  handle  only  one  channel  of  input  data  the  overall 
storage  requirement  and  the  data  rale  requirement  are  well  within  the  capacity  of  the 
electromechanical  readout. 

Regulated  supplies  of  t 15  V and  5 are  obtained  from  supply  units  using  115  VAC 
400  Hz  single-phase  primary  input  power.  Readouts  and  associated  driver  circuits  arc  powered 
directly  from  the  aircraft  2S  VDt  supply. 

Transler  sil  the  readout  address  tt>  a 10-linc  decoder  and  readout  driver  is  achieved  via 
optical  isolators.  Internal  circuit  common  and  readout  common  are  thereby  isolated.  One  major 
advantage  resulting  from  the  use  of  the  isolators  is  that  DC  supply  currents  arc  prevented  from 
flowing  back  to  the  primary  power  source  via  the  instrumentation  chassis  when  internal  circuit 
common  is  connected  to  that  chassis. 

A start  synchronizing  signal  generator  (fig.  I ) delays  application  of  28  VDC  to  the  readouts 
and  resets  all  pre-counters  to  the  zero  count  state  at  the  lime  115  VAC  is  first  applied.  With 
this  arrangement  erroneous  contributions  in  high  lorquebands  at  the  lime  power  is  first  applied 
are  prevented. 

3.  DETAILED  DESC  RIPTION  OF  LOAD  SPEC  TRI  M INDIC  ATOR 
3.1  Transducer 

As  mentioned  earlier  (Sec.  I)  pressure  transducers  are  used  to  sense  the  torque  developed 
by  each  engine  in  the  Sea  King  helicopters.  A strain  gauge  type  providing  response  down  to  zero 
frequency  has  been  adopted. 

In  the  Sea  King  helicopters  the  cockpit  torquemeters  provide  an  indicalion  range  of  0 to 
150",,  rated  maximum  torque  which  is  equivalent  to  a torquemetcr  pressure  range  of  0 to 
758  kPa  (1 10  psi  [pound  per  square  inch))  approximately.  To  accommodate  a range  of  150",, 
rated  torque  a transducer  with  a nominal  full  scale  of  10  bar  (145  psi)  is  adequate. 

A Bell  and  Howell  Model  4-800  with  special  vented  gauge  option  is  used.  This  transducer 
has  the  following  salient  characteristics. 

(i)  10  VDC  nominal  excitation  (15  VDC  maximum). 

(ii)  350  ohm  nominal  bridge  resistance. 

(iii)  30  mV  nominal  full  scale  output  (for  10  bar  pressure). 

(iv)  Natural  frequency  above  10  kHz. 

(V)  Non-linearity  not  greater  than  0-3"„  of  nominal  full  scale  output. 

(vi)  Hysteresis  less  than  0 - 1 of  nominal  full  scale  output. 

(vii)  Compensated  temperature  range  —54  to  • 120  C. 

(viii)  Operating  temperature  range  54  to  ■ I50'C. 

(ix)  Thermal  zero  shift  within  0 009"„  full  scale  per  ‘'C  over  compensated  range. 

(x)  Thermal  sensitivity  shift  within  0009",,  full  scale  per  "C  over  compensated  range. 

(xi)  Designed  to  operate  in  severe  airborne  environment  (high  vibration,  shock  or  steady 
acceleration). 

The  choice  of  the  above  transducer  represents  a compromise  between  cost  and  performance. 
Based  on  the  manufacturer's  worst  case  drift  figures  a 0-5"„  shift  in  zero  and  a 0-5"„  shift  in 
sensitivity  could  occur  over  a 55''C  temperature  range.  It  is  essential  that  both  the  transducer 
and  the  indicator  have  low  drift  with  temperature  and  lime.  Because  these  two  items  will  be 
subject  to  different  temperatures  it  is  not  possible  to  provide  overall  temperature  compensation. 

Excitation  for  the  transducers  is  obtained  from  a balanced  ±5  V supply  incorporated  in 
the  indicator  (Sec.  3.2.2).  To  eliminate  the  effect  of  the  transducer  output  lead  length  on  the 
transducer  output,  sense  leads  are  incorporated  in  the  aircraft  wiring.  The  voltage  sense  outputs 
(defined  as  E/f/j  SENSE  and  L/(.v  SENSE  in  Sec.  3.2.2)  are  joined  to  the  normal  current  carrying 
outputs  ( y HP  and  L n.v)  at  the  connector  which  mates  with  the  transducer. 


J.2  Torque  Spectrum  Indicator 
3.2.1  General 

Each  Torque  Spectrum  Indicator  is  constructed  as  a single  instrumentation  item  which 
may  be  “hard"  mounted  in  a helicopter.  Ten  non -reset table  8-digil  readouts  similar  to  those  used  in 
the  Mk.l  Analyser  are  mounted  on  the  front  panel.  This  type  of  readout  was  extensively  tested 
prior  to  and  during  commissioning  of  the  Mk.l  analysers.  The  readouts  have  performed  reliably 
since  the  analysers  were  commissioned. 

The  circuits  require  regulated  ± 15  V and  > 5 V supplies.  Suitable  supply  units  incorporating 
transformer,  rectifier  and  regulator  sections  are  used  to  generate  these  using  aircraft  115  VAC 
400  Hz  as  primary  power.  As  indicated  earlier  iSec.  2)  aircraft  28  VDC  is  used  for  the  readouts 
and  their  driver  circuits. 

Circuits  internal  to  the  indicator  are  mounted  on  plug-in  printed  circuit  boards.  Four  boards 
as  summarized  in  the  following  table  are  used: 


Board 

Functional  Description 

A 

Analogue  Amplifier  and  Transducer  Excitation  Generator 

B 

Band  Separator 

C 

Pre-Counter 

D 

Start  Sync  Generator  and  Output  Driver  Circuits 

In  the  following  sections  circuit  details  will  be  given  for  each  board.  Complete  information 
on  the  components  used  and  the  system  of  labelling  adopted  for  the  circuits  is  given  in 
Appendix  I . Details  of  interconnections  between  printed  circuit  boards  and  other  interwiring 
within  the  indicator  are  given  in  Appendix  2. 

Each  indicator  is  fitted  with  three  connectors  (Jl  to  J3  as  indicated  in  Appendix  2)  for  the 
following  functions: 

(i)  Power  input. 

(ii)  Transducer  input/output. 

(iii)  Output  signal  monitor. 

When  the  torque  loading  in  the  main  gearbox  is  to  be  measured  the  outputs  of  the  two 
transducers,  monitoring  individual  engine  torque,  are  connected  to  the  indicator  via  J2.  The 
analogue  sum  of  these  outputs  is  generated  within  the  indicator.  When  the  two  transducer 
connection  applies,  only  one  set  of  sense  leads  can  be  used. 

To  facilitate  the  calibration  and  checkout  of  the  indicators  the  ADC  output  and  some 
internal  signals  of  interest  are  brought  out  on  the  output  signal  monitor  connector  (J3).  With 
this  arrangement  the  ADC  output  may  be  conveniently  displayed  using  an  ancillary  display 
monitor  (Sec.  4). 

3.2.2  Analogue  Amplifier  and  Transducer  Excitation  Generator 

DC  excitation  of  the  strain  gauge  transducer  is  employed ; hence  a DC  signal  amplifier  is 
required  since  the  system  must  respond  to  steady  state  torque  inputs.  Both  the  amplifier  and 
the  reference  supply  for  the  transducer  strain  gauge  bridge  are  included  on  printed  circuit  board 
A for  which  circuit  details  are  given  in  Figure  2 and  layout  details  in  Figure  3. 

A balanced  (±5  V)  supply  providing  10  V excitation  is  used.  Such  a balanced  supply  sets 
the  common  mode  bridge  output  voltage  to  zero  approximately.  With  this  arrangement  the 
amplifier  output  is  virtually  unaffected  by  any  changes  in  amplifier  common  mode  rejection 
with  temperature. 

Regulator  Ql  (Fig.  2)  and  associated  components  provide  the  y/tp  ( + 5V)  excitation. 
Vrp  acts  as  reference  for  the  Vrn  (—5  V)  excitation. 

If  in  a particular  application  the  only  torque  loading  of  interest  were  that  developed  in 
the  main  gearbox  then  one  Torque  Spectrum  Indicator  would  be  sufficient,  but  the  outputs  of 
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the  two  trariMduccrs  ^en^ing  the  torque  output  of  each  engine  would  need  to  be  added.  To 
accommodate  this  requirement  the  regulators  have  been  designed  to  supply  excitation  to  both 
transducers  if  necessary  Supply  current  for  each  transducer  is  about  30  mA.  The  regulators 
arc  protected  in  the  event  of  either  output  being  shorted. 

Sense  outputs  \ ur  ShNSh  and  f '/j.v  SENSE  are  provided.  These  are  connected  to  Vnr  and 
f'«.v  respectively  at  the  transducer  mating  connector. 

As  the  output  of  the  strain  gauge  bridge  is  proportional  to  the  excitation  voltage  it  is  essential 
that  goi,)d  siabditv  he  provided.  In  particular  any  changes  with  temperature  should  be  minimized. 
Typical  drift  with  temperature  of  the  Ql  regulator  is  0 ()03''„ '"'C.  Over  a temperature  range  of 
50  C a typical  drift  of  about  015",,  can  be  inferred.  Amplifier  02  has  sufficiently  low  offset 
drift  with  temperature  to  render  that  negligible  in  this  instance.  To  achieve  the  rated  performance 
of  the  regulator  some  high  stability  resistors  must  be  used  (refer  to  component  list  in  Appendix  1 ). 
Some  special  selection  of  the  Ql  regulator  may  be  necessary  as  the  worst  case  temperature 
drift  is  five  times  the  typical  value. 

A dual-channel  amplifier,  to  accommodate  inputs  from  both  transducers  if  necessary,  is 
used.  Identical  input  stages  incorpiirating  Q3  and  Q4  respectively  provide; 

(i)  Ditfereniial  input 

(ii)  High  common  mode  rejection  ratio  (typically  of  the  order  of  100  dB  over  the  frequency 
range  i.  iii  o<)  II/)  virtually  unaffected  by  the  values  of  gain  determining  resistors  chosen 
over  a wide  range. 

(iii)  High  input  impedance. 

(iv)  High  closed-loop  gain  capability  (about  200  required  for  this  stage)  settable  by  two 
external  resistors  [for  Q3  amplifier  gain  is  (RI9  • R20)  (RI7  ■ RI8)]. 

(V)  Eairly  low  zero  drift  with  temperature  ( I -5  jiV/‘"C  typical.  5pV,  C maximum). 

(vi)  Adequate  signal  bandwidth  (within  1",,  to  about  10  kHz  at  a gain  of  200). 

Low  input  amplifier  drift  with  temperature  is  a most  important  requirement.  Because  of 
drift  problems'  with  the  Mk.l  Analyser  the  input  amplifier  chosen  for  this  application  has 
improved  performance  in  that  respect.  If  full  scale  torque  range  of  interest  is  represented  by  a 
change  of  30  m\'  at  the  transducer  output  (a  nominal  75  psi  change  at  the  transducer  input  I 
then  the  input  amplifier  drift  referred  to  that  full  scale  input  becomes  0 005"„/“C  typical  or 
0 017",,  ’C  maximum  (referring  to  item  (v)  above).  Recent  measurements  on  four  devices 
(type  AD52IK)  at  these  laboratories  revealed  zero  drift  over  the  temperature  range  —25  to 
• 55  C of  0 I4"„,  0-44"„,  0-44"„  and  0-46"„  relative  to  a 30  mV  full  scale  input. 

05  and  associated  components  form  a summing  amplifier  with  nominal  unity  gain  for  the 
average  of  the  two  inputs.  When  only  one  transducer  output  is  to  be  processed,  connection  is 
made  via  the  A inputs  (to  03)  and  the  link  at  the  output  of  amplifier  Q4  is  left  open.  When 
the  sum  torque  is  of  interest,  the  second  transducer  output  is  connected  via  the  6 inputs  (to  04) 
and  the  link  is  shorted.  By  changing  the  gain  of  this  stage  from  I to  0 -5  when  a change  is  made 
from  a single  input  to  a dual  input  system  the  output  of  the  summing  amplifier  is  normalized. 
Potentiometer  R44  allows  overall  sensitivity  for  each  torque  measuring  channel  to  be  equalized. 

The  final  amplifier  stage  incorporating  0^  and  associated  components  has  provision  for 
large  zero  shift.  Potentiometers  R33  (coarse)  and  R34  (fine)  allow  the  amplifier  zero  to  be  trimmed 
whereas  R26  (fine)  and  R27  (coarse)  allow  the  overall  gain  to  be  trimmed.  DC  gain  of  the  stage 
is  nominally  set  to  about  2.  As  the  output  of  this  amplifier  is  coupled  to  the  ADC  input  (Sec. 
3,2.3)  having  a full  scale  input  of  10  V,  the  zero  and  gain  are  trimmed  at  the  time  of  calibration 
to  provide  outputs  close  to  0 V and  10  V at  the  lower  and  upper  extremes  respectively  of  the 
torque  range  of  interest.  Actual  levels  for  setting  purposes  are  a function  of  the  ADC  digital 
outputs  chosen  to  represent  the  extremes  of  the  band  of  interest. 

As  the  amplifier  zero  shift  is  derived  from  the  transducer  excitation  supplies  {Vnr  SENSE 
and  Cft.v  SENSE)  any  variation  in  these  supplies  will  result  in  a zero  shift  at  the  amplifier  output. 
Based  on  a gain  factor  of  about  I -5  (an  approximate  figure  for  components  indicated  in  Fig.  2) 
for  the  zero  shifting  circuit  a change  of  : 0-l5"„  in  the  transducer  excitation  (a  typical  figure 
predicted  for  a 50' C temperature  change)  would  result  in  a change  of  -O-ll",,  of  full  scale 
output  (assumed  to  he  about  10  V).  Any  zero  offsets  in  amplifiers  Q3.  04  or  Q5  are  taken  care 
of  in  the  overall  zero  adjustment. 

To  achieve  the  requisite  high  stability  of  the  completed  amplifier,  with  respect  to  both  zero 
and  gain,  many  high  stability  resistors  are  required  (refer  to  component  list  in  Appendix  I). 


A filter  comprising  a single  low  pass  section  (involving  R26  to  R30,  Cl 7 to  C20)  in  the 
forward  path  and  a resistor  shunt  bridged-T  network  in  the  feedback  path  of  the  final  amplifier 
has  been  selected.  Characteristics  of  such  a filter  have  been  examined  in  detail  for  the  Mk.l 
Analyser*.  Any  high  frequency  noise  components  and  any  signal  components  outside  the  frequ- 
ency band  of  interest  may  be  removed  with  this  filter. 

Some  in-flight  measurements  have  been  made  on  a number  of  Sea  King  helicopters  to 
determine  the  extent  of  dynamic  components  present  in  the  torque  transmitter  pressure  signal 
and  assess  the  low  pass  filter  requirements.  It  has  been  decided  the  fundamental  component  at 
the  blade  passing  frequency  (17  Hz  nominal  )be  passed  without  attenuation.  The  most  significant 
dynamic  component  noted  in  the  tests  had  a frequency  of  about  54  Hz  (main  drive  shaft  frequ- 
ency) and  had  an  amplitude  equivalent  to  10%  rated  torque  peak  to  peak  at  1 lO'lo  steady  torque 
setting.  It  was  felt  that  this  component  did  not  reflect  a true  component  of  torque  and  therefore 
should  be  attenuated  (dynamic  components  of  significant  amplitude  can  cause  incorrect  advance 
of  readings  on  high  band  counters).  Characterists  of  the  Mk.2  filter  have  been  made  virtually 
the  same  as  those  for  the  Mk.l  circuit.  Salient  features  are  summarized  below; 

(i)  Response  flat  within  8%  from  0 to  21  Hz. 

(ii)  Response  3 dB  down  (i.e.  70“„  of  “zero”  frequency  value)  at  24  Hz. 

(iii)  Response  20  dB  down  (a  factor  of  10)  at  53  Hz. 

(iv)  Response  40  dB  down  (a  factor  of  100)  at  135  Hz. 

Where  resistance  or  capacitance  values  are  critical  a series  or  parallel  connection  of  com- 
ponents has  been  specified  as  indicated  in  the  circuit  of  Figure  2. 

Components  indicated  in  the  circuit  of  Figure  2 have  been  chosen  to  provide  0-00  V 
output  at  2 6%  rated  torque  (1-9  psi  pressure)  and  f lOOO  V full  scale  at  156'2“„  rated 
torque  (equivalent  to  1 14.5  psi  pressure).  Extremes  of  each  torqueband  may  be  set  anywhere 
in  the  range  3-2“u  to  146-6“o  rated  torque  with  0-6%  resolution  using  the  ROM  plug-in  for 
the  band  separator  (Sec.  3.2.3).  If  the  low  limit  on  the  lowest  band  is  made  3 -2%  of  rated 
torque  or  above  no  readout  changes  will  occur  unless  3 • 2%  or  greater  torque  is  developed. 


3.2J  Band  Separator 

Complete  circuit  and  layout  details  for  the  band  separator  are  given  in  Figures  4 and  5 
respectively,  and  waveforms  at  various  points  marked  on  this  circuit  are  given  in  Figure  6. 

Two  distinct  operating  modes  are  possible; 

(i)  When  link  LKI  is  placed  in  position  1 the  band  separator  will  provide  an  output 
corresponding  to  the  address  of  the  band  (0  to  9)  within  which  the  ADC  output 
falls  each  time  a conversion  takes  place.  A conversion  rate  of  1 024  kHz  has  been 
adopted  for  the  Mk.2  indicator  so  that,  in  that  case,  if  the  number  of  times  each  address 
appears  at  the  output  is  counted  a totalized  count  of  1024  for  any  band  will  indicate 
that  the  torque  has  resided  in  that  band  for  a period  of  1 second.  For  simplicity, 
operation  in  this  mode  will  be  referred  to  as  “torque  duration  indication”. 

(ii)  When  link  LKI  is  placed  in  position  2 the  band  separator  will  provide  an  output 
corresponding  to  the  address  of  the  band  (0  to  9)  each  time  a full  traverse  of  the  band 
occurs.  Hence  the  appearance  of  an  address  (in  the  0 to  9 range)  at  the  output  indicates 
that  another  “fatigue  cycle”  in  the  relevant  band  is  to  be  counted.  For  simplicity, 
operation  in  this  mode  will  be  referred  to  as  “level  exceedance  indication”. 

To  enable  the  torque  duration  for  each  band  to  be  accurately  estimated  conversions  in  the 
ADC  must  occur  at  a stable  and  accurately  known  repetition  rate.  To  meet  this  requirement 
a crystal  oscillator  comprising  XLl  and  associated  com(K>nents  (Fig.  4)  is  used  to  provide 
a master  clock  for  all  timing  functions.  A crystal  frequency  of  2 097152  MHz  has  been  chosen 
(where  2-()97l52x  10®=  2**).  The  frequency  of  the  master  clock  is  divided  by  2 via  counter  QIO 
and  the  resulting  HF  CLK  (waveform  1 of  Fig.  6)  is  taken  to  the  pre-counter  (Sec.  3.2.4)  where 
the  frequency  is  further  divided  and  used  to  time  various  program  functions.  Although  accurate 
timing  is  not  required  for  the  level  exceedance  indicator  the  same  master  clock  is  used  for  that 
system  also. 

Two  timing  signals,  GATE  and  LF  CLK  (waveforms  2 and  3 of  Fig.  6),  derived  from  the 
master  clock  after  frequency  division  in  the  pre-counter  are  received  as  inputs  to  the  band 
separator.  To  simplify  discussions  on  timing  the  repetition  period  of  the  HF  CLK  will  be  defined 
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as  1 (I  c I 0 'if'.W  f»s)  The  (iAl'l  signal  has  a repetition  I'renuenss  of  2 tVJS  kHz,  the 
signal  level  is  high  for  K1  and  loss  for  MM  I'  At  each  negative  transition  of  the  CiAli  signal  a 
negative  going  SI  ROBf:  I pulse  (waveform  3 of  hig  6)  of  230  ns  nominal  duration  is  generated 
Ihe  I f C I K signal  is  a I 024  l.H*  square  wave,  l aeh  time  the  H t I K switches  low  a positive 
going  conversion  trigger  (wavefo.-.n  7 i>f  f ig  6)  of  230  ns  nominal  duration  is  transferred  to 
the  AIH' 

Ihe  analogue  amplitier  output  (Sec  3 2 2)  is  connected  to  the  ADC  analogue  input 
Cnipc'lar  operation  (0  to  ■ 10  V full  scale)  is  used  in  the  Mk  2 in.licati'r  but  potentiometer  R1 
and  link  have  been  provided  to  allow  bipolar  operation  ( 5 \'  to  • 5 \'  full  scale)  if  that  is  ever 

desired  When  the  SI, ART  CON\’IRl  input  switches  high  the  ADC'  outputs  are  reset  to  the 

0 state  A conv.Tsion  starts  on  the  negative  transition  of  that  input  and  is  complete  within  abiuit 
4 /IS  An  S-bii  straight  binarv  coded  output  is  generated 

Operation  of  the  band  separator  for  torque  duration  indication  will  be  consideied  first 
In  the  first  20  addresses  (designated  0 tfirough  14)  of  the  ROM,  numbers  used  to  s|x‘cifv  uppei 
and  lower  limits  of  each  torqueband  aie  stored.  Actuallv  a number  equal  to  the  ADC'  luitput 
which  corresponds  to  the  upper  limit  for  each  band  is  stored  at  the  even  addresses,  and  a number 
equal  to  the  lower  limit  of  each  band  is  stored  at  the  odd  addresses  I ven  addresses  0 through  Is 
are  alhxated  fi>r  storage  of  the  upper  limits  of  bands  I through  10  resiiectivelv  and  odd  addresses 

1 through  14  for  storage  of  the  lower  limits  of  bands  I through  10  If  the  band  number  is 
designated  bv  the  svmbol  Riie  I Si  R s;  10)  and  if  the  band  limits  are  delined  as  A u;  and  A./,- 
where,  for  torque  duration  indication,  \\k  is  the  upper  band  limit  and  \>h  the  lower  band 
limit  then  the  ROM  program  defined  in  the  following  table  will  be  required 


B.ind 

Requisite  Band 

1 units  (as  Meas.  at 
.ADC'  Output) 

Requisite  ROM  Program 

Address 

Number  Stored 

K 

Ai« 

2tR  1) 

■ViK 

■Vj/v 

: R 1 

Designating  the  .ADC'  output  as  A’  it  follows  that  if  .V  ^ .Vik  and  .V  ^ then 
A'ik  > .V  ^ .V.i«  and  .V  is  within  band  R.  By  successively  checking  for  each  band  until  the 
above  condition  is  satisfied  the  correct  band  can  be  established. 

The  programming  requirement  can  be  most  readily  illustrated  with  an  example.  1 he 
torqueband  settings  initially  adopted  for  the  summation  torque  six'ctrum  for  Sea  King  helicopters 
are  used  in  the  following  table. 
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Band 

Kirqueband 
Range 
iper  cent 
Rated  Torque) 

ADC 
Output* 
Range 
( Decimal) 

Requisite  ROM  Program 

Address  j No  Stored 

(Decimal)  (IJecirnal) 

1 

s-t7 

4-73 

0 

73 

1 

4 

4"-"l 

74- 1 1 3 

113 

3 

"4 

3 

71-83 

1 14-133 

4 

133 

5 

1 14 

4 

83-45 

I.t4-I53 

6 

153 

7 

l.M 

5 

^5  101 

154-163 

8 

163 

4 

154 

b 

101-107 

164-173 

10 

173 

1 1 

164 

107-113 

174-183 

12 

183 

13 

r4 

s 

113-1 14 

184-143 

14 

143 

15 

184 

4 

1 14-125 

144-203 

16 

203 

r 

144 

10 

> 125 

204-255 

18 

255 

14 

204 

• In  this  case  the  analogue  amplifier  is  adjusted  to  provide  an  ADC'  output  of  3 - 4 (just 
switching)  for  4",,  applied  torque  (or  equivalent  calibration  signal)  and  251  ‘ 252  for  125",, 
applied  torque  (or  equivalent  calibration  signal). 


For  the  particular  program  indicated  in  the  previous  table  onl>  torques  greater  than  or  equal 
to  4",,  rated  torque  will  fall  within  the  10  specified  hands.  If  the  torque  falls  below  the  4",,  figure 
no  output  will  be  transferred  to  any  of  the  electrorr.echanical  counters  (as  will  become  clear  in 
due  course).  Such  a program  has  the  advantage  that  no  output  is  generated  on  the  lowest  band 
during  ground  checks  with  engines  not  running.  Similarly  if  the  torque  drops  below  the  4",, 
figure  during  flight  (e  g.  during  autorotation)  no  output  will  be  generated  and  some  difl'erence 
between  the  change  in  the  totalized  times  registered  by  the  bai.d  counters  and  total  operating 
time  may  result.  If  agreement  between  the  total  operating  time  and  the  change  in  the  totalized 
times  registered  by  the  10  readouts  were  considered  desirable  (for  checking  purposes)  then  the 
first  band  could  have  been  set  to  " 47"„  rated  torque"  for  which  the  .AI3C'  output  range  would 

be  0 • 73.  For  a torque  lower  than  that  which  just  produces  an  .MX'  output  of  0 the  ADC'  output 
will  remain  fixed  at  0,  and  similarly  for  a torque  greater  than  that  which  just  produces  an  ADC' 
output  of  255  the  ADC'  output  will  remain  fixed  at  255. 

It  is  to  be  noted  that  only  20  of  the  available  32  addresses  in  RC')M  Q4  are  used  for  storage 
of  the  torqueband  limits.  For  the  type  DM8578N  ROM  (Fig.  4)  all  unprivgrammed  bits  have 
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u high  value.  Hence  255  will  be  elVeclively  slored  at  addresses  20  lo  .U.  If  the  band  10  limit 
were  set  to  254  or  lower  then  an  AIX'  output  of  255  (resulting  from  a high  level  torque)  would 
not  fall  within  any  of  the  10  specified  bands.  However  the  AIX'  output  would  fall  within  the 
"phantom"  band  specilied  by  each  pair  of  unprogrammed  addresses.  An  output  would  be 
generated  at  band  separator  address  It)  (addresses  0 to  9 correspond  to  bands  I to  10)  but  since 
address  10  is  never  examined  in  the  pre-counter  (Sec.  3,2.4)  no  malfunction  will  result,  so  unused 
addresses  may  be  left  unprogrammed.  Similarly  for  an  alternative  k (e  g.  ty|X'  82SI23  as 
indicated  in  Appendix  1.2)  having  all  unprogrammed  bits  low,  no  malfunction  will  result  if 
unused  bits  are  left  un programmed. 

NOR  gates  Q l()A  and  Q I6B  enable  the  additional  "equal  to"  condition  to  be  included  when 
the  ADC'  and  ROM  outputs  are  compared.  The  only  reason  for  utilizing  the  "equal  to"  condition 
is  to  allow  over-range  bands  (e  g.  > 125",,  torque)  and  under-range  bands  (e  g.  <4"„  torque) 
to  be  selected  for  bands  10  and  I respectively. 

l or  each  cycle  of  the  l.l-  C'l.K  the  following  sequence  of  operations  applies  for  the  torque 
duration  indicator: 

(i)  C'ounters  (,)I0  and  C2I3,  and  (lip  Hop  yi5A  (the  first  in  the  dual  (lip  flop  device  yi5) 
are  initially  cleared  via  the  RI-SI!T  pulse  (waveform  6 of  I ig.  6)  which  is  generated 
at  the  time  of  the  negative  transition  of  the  gate  input  but  only  when  the  1 I-  C'l  K is 
high.  SfROHI'  2 (waveform  S of  fig.  6)  together  with  outputs  B and  ('  (waveforms 
9 and  10  of  fig.  6)  of  C)I0  is  taken  to  demultiplexer  yi  I which  generates  ci'iitrol 
outputs  indicated  in  waveforms  II  to  16  of  fig  6 Output  ('  of  (,)I0  forms  the  least 
significant  bit  of  the  5-bit  ROM  address;  outputs  of  yi  t form  the  retn,iiiimg  four 
ROM  address  bits. 

(ii)  With  the  counters  cleared  as  in  (i)  ROM  address  0 is  chosen 

(iii)  During  the  first  half  of  the  period  during  which  .uhiress  0 is  chosen  flip  Hop  yi'B 
(the  second  Hip  Hirp  in  the  yi  5 device)  is  preset  iiiuler  the  .ictionof  the  I Ml  tuiiput 
(waveform  1 1 of  fig.  6)  through  NOR  gate  yi2t'  and  .AND  g.ite  y'B  I .ich  lime  an 
even  ROM  address  is  chosen  yi5B  is  preset  m the  s.ime  ni.inner  It  .i;  the  time  ot 
arrival  of  the  preset  pulse  the  Q2  output  of  Hip  Hop  t,)|^  is  high  no  ihange  of  si.iic 
will  occur. 

(iv)  The  contents  of  ROM  address  0 are  compared  with  the  ouipiit  Irom  the  MM  vi.i 
the  magnitude  comparators  Q7  and  yx  If  the  .ADC  i>utput  is  less  ih.in  or  equal  lo 
the  ROM  output  a clear  pulse  (w.iveform  19  of  fig  6I  will  be  transterred  to  Hip  Hop 
yi5B  during  the  latter  half  of  the  pernnl  for  which  ROM  .iddress  t)  is  chosen,  othei 
wise  no  clear  pulse  will  be  generated. 

(v)  ROM  address  I is  chosen. 

(vi)  fhe  contents  of  ROM  address  I are  compared  with  the  output  fiom  the  AIM'  It 
the  AIX'  output  is  greater  than  or  equal  to  the  ROM  output  .i  preset  pulse  (waveform 
18  of  fig.  6)  will  be  transferred  to  Hip  Hop  yi5B  during  the  first  half  of  the  period 
for  which  address  I is  chosen,  otherwise  no  preset  pulse  will  be  generated  If,  when 
the  preset  pulse  is  generated.  Hip  Hop  yi5B  changes  state  it  follows  that  the  ADC 
output  lies  between  tfie  values  stored  in  ROM  addresses  I)  and  I and  hence  indicates 
that  an  increment  is  to  be  added  to  the  channel  I pre-counter.  A change  of  state  of 
the  yi5B  output  (waveform  20  of  fig.  6)  at  this  time  will  cause  the  rnitpiit  (waveform 
21  of  fig.  6)  of  NANI)  gale  y3C'  to  switch  low  for  a jX'riod  of  2.10  ns  nominally 
and  clear  Hip  Hop  yi5A  (set  yi  output  high).  As  a consequence  further  counting  in 
yi3  will  be  inhibited  (('Ii  input  high)  thus  "freezing"  the  output  address  at  0 m 
this  instance. 

(vii)  If  the  y 1 5B  Hip  Hop  docs  not  change  state  as  indicated  in  (vi)  ROM  address  advancing 
will  continue  with  the  same  sequence  of  operations  for  even  addresses  as  for  address  0 
and  for  odd  addresses  as  for  address  I.  The  addresses  will  advance  until  the  correct 
band  is  located  at  which  lime  the  output  address  will  be  "frozen"  as  in  (vi). 

(viii)  for  torque  duration  indication  the  action  of  RAM  yi4  is  not  relevant. 

(ix)  After  half  of  an  I f ('I.K  repetition  period  has  elapsed  since  the  previous  RfSliT 
pulse  (waveform  6 of  fig,  6)  v/as  generated  a SfARl'  ('ONVfR  f pulse  (waveform  7 
of  fig.  6)  is  generated  thus  initialing  a new  conversion.  At  this  stage  the  AIX'  output 


is  not  examined;  such  examination  takes  place  when  initiated  by  the  next  RESET 
pulse  as  detailed  in  (i). 

(x)  For  the  period  when  both  the  GATE  and  LF  CLK  are  high,  which  occurs  just  before 
the  next  RESET  pulse  initiates  the  next  cycle,  the  tri-state  address  output  of  Q13  is 
enabled  thus  transferring  the  appropriate  band  address  (0  through  9 corresponding  to 
bands  I to  10)  to  the  pre-counter.  It  follows  that  the  transfer  of  the  band  address 
takes  place  about  1 ■ 5 repetition  periods  of  the  LF  CLK  after  the  corresponding 
conversion  was  initiated  (refer  to  waveforms  2 to  7 of  Fig.  6). 

For  the  torque  duration  indication  the  maximum  time  taken  to  locate  the  correct  band  is 
20  T (about  20  ^s  being  the  duration  of  20  cycles  of  the  HF  CLK). 

Operation  of  the  band  separator  for  level  exceedance  indication  is  somewhat  different  and 
will  now  be  examined  in  detail. 

Each  band  is  once  again  allocated  two  levels.  If  the  torque  exceeds  the  higher  level  and  some 
time  later  falls  below  the  lower  level  an  extra  count  (or  “fatigue  cycle")  is  to  be  added  to  the 
number  stored  for  that  band.  Once  again  the  numbers  stored  in  the  ROM  define  the  upper  and 
lower  limits  for  each  band.  However  in  this  instance  the  lower  numbers  will  be  stored  at  the 
even  ROM  addresses  and  the  higher  numbers  at  the  odd  addresses.  Overlapping  of  bands  is 
quite  feasible,  but  the  upper  and  lower  limits  must  not  be  set  to  the  same  value. 


Once  again  let  us  designate  the  band  number  by  the  symbol  R and  the  band  limits  by  Nik  ^ 

and  N-iH  where,  in  this  instance,  Nik  is  the  lower  band  limit  and  N>k  the  upper  limit.  If  N is  the 

ADC  output  then  for  each  conversion  and  for  each  band  the  validity  of  A ^ Nik  and  N > N-zk  ti 

is  checked.  For  any  given  ADC  output  both  these  conditions  can  never  be  simultaneously  » 

satisfied.  Consider  that  storage  is  provided  for  an  information  bit  L which  takes  on  a logical  0 value 

if  condition  N ^ N\k  is  satisfied  and  maintains  that  value  until  condition  N ^ N-zk  is  satisfied  ' 

at  which  time  L will  switch  to  a logical  I and  maintain  that  value  until  condition  N < Nik  is  next  ( ' 

satisfied.  A change  in  state  of  the  L bit  will  therefore  only  occur  once  per  complete  traverse  of  the  r ' 

relevant  band  and  may  be  used  to  indicate  that  another  fatigue  cycle  is  to  be  counted.  The  above 

procedure  is  employed  in  the  band  separator  when  it  is  used  for  level  exceedance  indication.  t 

By  varying  the  ROM  program  the  level  exceedance  indicator  may  take  various  forms.  In  f 

the  following  table  the  exceedance  of  10  distinct  levels  is  considered.  Provided  the  torque  drops 
by  5"„  (of  rated  torque)  before  the  level  is  exceeded  again  another  cycle  will  be  counted. 


Band 

Upper  Limit 
(per  cent  rated  torque) 

Lower  Limit 
(per  cent  rated  torque) 

1 

40 

35 

2 

50 

45 

3 

60 

55 

4 

70 

65 

5 

80 

75 

6 

90 

85 

7 

100 

95 

8 

110 

105 

9 

120 

115 

10 

130 

125 

A system  which  has  found  favour  in  the  estimation  of  fatigue  damage  on  components  or 
structures  is  one  employing  the  Range  Pair  count  method^.  With  this  system  the  presence  of 
either  large  or  small  load  fluctuations  is  never  ignored  and  large  variation  cycles  are  not  counted 
too  often.  A number  of  reference  levels  are  specified  and  variation  cycles  between  all  possible 
pairs  of  reference  levels  are  counted.  For  an  n reference  level  range  it  can  be  easily  shown  that 
there  are  n(n  — l)/2  possible  Range  Pairs.  Each  Range  Pair  requires  separate  storage.  Thus 
for  a 5 level  range  exactly  10  pairs  are  possible  and  a 10  readout  system,  as  provided  in  this 
instance,  is  required.  Consider  that  the  reference  levels  tabulated  below  are  chosen. 
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Reference  Levels 

.10 

68 

% 

116 

1.10 

(per  cent  rated  torque) 

To  indicate  cycles  for  each  Range  Pair  a ROM  program  as  illustrated  in  the  following  table 
could  be  used. 


Band 

Torque 

ADC* 

Requisite  ROM  Program 

Range  Pair 

Output 

— 

(per  cent  rated 

(Decimal) 

Address 

No.  Stored 

torque) 

(Decimal) 

(Decimal) 

1 

10 

2 

0 

2 

68 

97 

1 

97 

2 

68 

97 

2 

97 

96 

167 

1 

167 

1 

96 

167 

4 

167 

1 16 

217 

5 

217 

4 

116 

217 

6 

217 

1.10 

252 

7 

252 

5 

10 

2 

8 

2 

96 

167 

9 

167 

6 

68 

97 

10 

97 

116 

217 

II 

217 

7 

96 

167 

12 

167 

1.10 

252 

11 

252 

8 

10 

2 

14 

2 

116 

217 

15 

217 

9 

68 

97 

16 

97 

1.10 

252 

17 

252 

10 

10 

2 

18 

“> 

1.10 

252 

19 

252 

* In  this  case  the  analogue  amplifier  is  adjusted  to  provide  an  output  I >•  2 ( just  switching) 
from  the  ADC  for  .10",,  applied  torque  (or  equivalent  calibration  signal)  and  2.'l  >■  2.^2  for 
I30"n  applied  torque  (or  equivalent  calibration  signal). 


For  level  exceedance  indication  the  following  sequence  of  ojx-.ations  takes  place  in  the  band 
separator; 

(i)  Counters  QIO  and  Ql.l.and  flip  flop  QISAarc  initially  cleared  via  the  RFSFT  pulse 
as  for  the  torque  duration  indicator. 

(ii)  ROM  address  0 is  chosen. 

(iii)  The  state  (I  or  0)  stored  at  address  0 of  the  RAM  QI4  is  read  and  transferred  to 
the  Q2  output  of  flip  flop  QI5B  during  the  first  half  of  the  pcriinl  during  which 


II 


ROM  address  0 is  selected.  Iransfer  is  controlled  by  the  C'l.K2  signal  (waveform  17 
of  fig.  6). 

(IV)  The  contents  of  ROM  address  0 arc  compared  with  the  output  from  the  AIX'.  If  the 
AIX'  output  is  less  than  or  equal  to  the  ROM  output  a clear  pulse  (waveform  IS>  of 
I ig.  6)  will  he  transferred  to  flip  flop  QISB  during  the  latter  half  of  the  period  for 
which  ROM  address  0 is  chosen;  otherwise  no  clear  pulse  will  be  generated. 

(v)  ROM  address  I is  chosen. 

(M)  I he  contents  of  ROM  address  1 are  compared  with  the  output  from  the  AIX'.  If  the 
AIX'  output  is  greater  than  or  equal  to  the  ROM  output  a preset  pulse  (waveform 
IS  of  l ig.  6)  will  be  transferred  to  flip  flop  (^I5B  during  the  first  half  of  the  period 
for  which  address  I is  chosen,  otherwise  no  preset  pulse  will  be  generated.  It  is  not 
possible  for  a clear  pulse  as  in  (iv)  and  a preset  pulse  as  above  to  be  both  generated 
for  any  given  AIX'  output  as  that  output  cannot  be  simultaneously  less  than  or  equal 
to  2 and  greater  than  or  equal  to  97  (refer  to  above  table).  If,  when  a preset  pulse  is 
generated,  flip  flop  yi5B  changes  state  a clear  pulse  will  be  transferred  to  flip  flop 
QI.S.A  which  in  turn  will  inhibit  any  further  counting  in  Ql.f,  thus  "frec/ing"  the 
output  address  at  I)  in  this  case. 

(vii)  During  the  latter  half  of  the  period  for  which  ROM  address  I is  chosen  the  state  of 
flip  flop  01. ‘'B  is  written  (waveform  14  of  I'ig.  6)  into  address  0 of  RAM  where  it 
will  remain  until  the  next  hand  separation  cycle  (about  1 ms  later  for  l.l-  C'l  K 
frequency  of  I 024  kHz).  Hence  a clear  pulse  will  be  transl'erred  to  QI-'A  as  in  (vi) 
only  if  one  complete  fatigue  cycle  has  occurred  (i.e.  AI7('  output  less  than  or  equal 
to  contents  of  ROM  address  0 was  detected  on  the  previous  band  separation  cycle 
aiul  ADC'  output  greater  than  or  equal  to  cemtents  of  ROM  address  I has  now  been 
detected). 

(viii)  If  flip  flop  QI5H  does  not  change  state  as  in  (vi)  the  ROM  will  be  consecutively 
addressed  with  the  same  sequence  of  operations  ('or  even  addresses  as  for  address  0 
and  for  odd  addresses  as  for  address  I.  'I'he  addressing  will  advance  until  either  the 
completion  of  another  fatigue  cycle  is  registered  as  in  (vi)  or  the  counter  outputs 
advance  to  output  address  I.S.  With  the  level  exceedance  indicator  the  non-detection 
of  a completed  fatigue  cycle  will  occur  for  most  band  separation  cycles.  When  output 
address  I.S  is  generated  the  MAX  COUNT  r>utput  (waveform  22  of  Tig.  6)  of  CJI.^ 
will  switch  low  causing  the  CT  (count  enable)  input  to  also  switch  low  (waveform  2.^ 
of  Tig.  6)  thus  inhibiting  any  further  changes  in  output  address  until  the  next  band 
.separation  cycle. 

(ix)  After  half  an  l.TCLK  repetition  period  has  elapsed  since  the  previous  RTSE-T  pulse 
was  generated  a new  conversion  is  initiated  in  the  ADC.  Remarks  as  in  (ix)  for  the 
torque  duration  indicator  apply. 

(x)  E'or  the  period  when  both  the  GATE:  and  l.E'CLK  are  high,  which  occurs  just  Eiefore 
the  next  Rl'SFT  pulse  initiates  the  next  band  separation  cycle,  the  tri-state  address 
output  of  Ql.)  is  enabled  thus  transferring  the  output  address  (0  through  9 corres- 
ponding to  bands  I to  K),  or  15  corresponding  to  a dummy  address  which  leads  to  no 
increase  in  the  fatigue  cycle  count). 

E'or  the  Range  E’air  example  cited  above  a full  scale  torque  fluctuation  (.10  to  I.M)"„)  will 
give  rise  to  a contribution  in  each  band.  E'or  a fluctuation  cycle  of  lower  amplitude  an  output 
will  occur  on  all  Range  I’airs  within  the  bounds  of  the  fluctuation  cycle.  E'or  any  given  band 
separation  cycle  (occurs  at  I 024  kHz.  repetition  rate)  only  one  address  output  is  possible; 
outputs  for  other  bands  would  occur  on  later  cycles.  The  band  separator  is  capable  of  providing 
an  output  from  each  of  the  10  bands  in  about  10  ms.  However  the  electromechanical  readouts 
limit  (.Sec.  5.2.4)  the  maximum  fluctuation  rate  that  can  be  handled.  If,  for  example,  the  number 
of  times  that  a traverse  of  not  more  than  that  defined  by  the  band  I Range  I’air  is  required, 
then  the  sum  of  the  entries  on  readouts  5.  8 and  10  (refer  to  previous  table)  would  need  to  be 
subtracted  from  that  of  readout  I. 

As  indicated  earlier  all  unprogrammed  bits  for  ROM  Q9  are  high  so  that  unused  addresses 
(20  to  51  in  this  instance)  would  have  the  numiTer  255  stored  if  unprogrammed.  If  full  scale  or 
an  over-range  input  is  applied  to  the  AIX  , the  output  will  switch  to  state  255.  Hence  if  a new 
fatigue  cycle  is  not  detected  as  R(')M  addresses  Oto  19  are  scanned  a “phantom"  one  will  Eie 


ilftci-lc-il  «hi‘ii  ROM  :ulilii>Nr%  20  ami  21  (a)rrf.p«)iuliiij;  lo  hami  st'parai*>r  .uKIrcsN  10)  are 
examinal  as  Ihe  comluions  .V  255  am)  .V  > 25‘s  will  be  buih  salislieO  in  tlie  same  baml 
separaMr  esele  lienee  aeUlress  10  will  be  ei>upleO  lo  Ihe  baml  separator  output  As  atUlress 
10  III  the  pre-counter  (Sec  ,V2  4)  is  a ihininiy  one  the  contents  »>!'  which  are  never  cxamtneil,  no 
niallunctu>n  occurs.  Siinilarly  tor  ROMs  having  all  unprograninieil  bits  U>w.  acklress  10  will  be 
coupleil  to  the  baml  separator  output  when  a zero  or  umler-raiige  input  is  applicvl  to  the  AIK’ 
(resulting  in  AIK'  output  of  0).  Hence  correct  o|vration  will  result  if  uiiu^eil  ROM  aiKIresscs 
20  to  ,l|  are  left  uni'iogianinievl. 

Ihe  SIARI  SN  Nf  input  (Sec  .V2  5)  switches  high  for  a small  delay  starting  at  the  time 
power  IS  first  applied  It  then  switches  li>w,  a state  which  is  maintained  until  the  next  power 
interrupt  occurs  A preset  pulse  for  llip  Hop  (,)15B  is  generated  for  each  odd  ROM  address 
selecteil  while  the  Sl.ARl  S'!  Nf  is  high.  1 hus  bn  1 stored  in  the  RAM  at  addresses 
0 through  '>  IS  initially  set  high  so  that,  lor  level  exceeilance  o|H;ration.  complete  fatigue  cycles 
will  K iei.|uircd,  alter  the  SI  .AR  I S5  Nt  icveris  to  the  low  state,  betsire  an  output  is  generated 
Ihe  S-line  AIK'  vuilput  is  brought  out  so  that  numerical  display  of  that  output  using 
aitcillaiv  display  eviuipment  is  possible.  Such  display  faciliiales  the  trintming  of  the  pi'lentio 
meters  m Ihe  analogue  .imphliei. 

-V2.4  l’re-< 'ounter 

fonipleie  circuit  and  l.tyoui  details  for  Ihe  pre-cininier  are  given  in  I iguies  7 anil  S res- 
pectively. and  waveforms  at  various  points  inarked  on  that  circuit  are  given  in  I iguies'laml  10 
ritis  circuit  will  handle  band  separator  oul(niis  when  that  separator  is  connected  foi  either  ioii|ue 
duration  indic.iiion  or  level  exceedance  indication  However  the  ies|uiiemenis  of  the  pie-counici 
circuit  ililter  siiniewhai  lor  these  alternative  modes  of  o(H‘ralii>it . i>|<iional  link  pi'siiions  lui  Ihe 
pre-countei  allow  the  dilVereni  renuiremenis  to  be  accommodated.  Vk'hen  the  lonpie  duration 
indication  mode  is  employed,  a pre-counter  division  factor  of  1024  is  a typical  rei|uireineni 
(assuntiitg  I 024  kHz  conversion  rate).  Such  a ilivision  (actor  results  in  an  output  pulse  being 
generaleil  lor  e.tch  second  ot  totalized  lime  measured  for  any  given  channel  (hi  the  other  hand, 
when  the  level  exceedance  indication  mode  is  employed.  Ihe  readouts  normally  need  to  lx- 
utxiated  for  each  coinplcle  fatigue  cycle  indicated  via  the  band  separator  output,  and  thus  a 
pre-counter  division  factor  of  unity  represents  a normal  reciuiremeni  in  this  case,  fonsiderable 
versatility  is  provided  by  optional  links  which  allow  the  following  to  be  preset: 

(i)  Analogue  to  digital  conversion  rale. 

(Ill  Pre-counter  division  factor. 

(in)  Duration  of  readout  pulse. 

As  indicated  earlier  (Sec.  2)  the  pre-counter  utilizes  a single  counter  o(x^rated  on  a lime 
sharer)  basis  with  Ihe  mdiviilual  reiulings  stored  in  a ramlom  access  memory  which  is  regularly 
uprlated.  Devices  (,>5.  (,)'>  and  k.)l2  consliiuie  Ihe  RAM  which  prrvvides  12-bit  storage  fi>r  up  lo 
16  inputs  (but  not  all  input  channels  are  utilized),  I or  convenience  the  addresses  will  be  referred 
trv  as  0 through  15.  Address  allocation  for  the  R.AM  is  as  follows: 

(i)  Addresses  0 to  ')  tor  pre-counter  storage  as  rerjuirevl  fi'r  banils  I lo  1()  res|X'ctively. 

(n)  .Address  12  lor  storage  I'l  successive  rearhngs  r>f  the  HI  ('1  K fieriuency  divitler. 

(lit)  Address  l.f  for  storage  of  successive  readings  of  a frer|uency  divider  used  lo  .set  duration 
of  output  pulse  delivered  lo  readouts. 

.Addresses  10,  1 1 and  14  are  not  utilized,  aiul  15  is  usevi  tv'  accept  dummy  inputs  (Sec.  .V2..7) 
but  its  contents  are  never  interrogated  In  special  circumstances  (Sec  .V2  ,7)  address  10  may 
receive  dummy  inputs. 

Ihe  time-shareil  counter  comprising  ilevices  (,)6,  (.^10  and  (,)I5  has  12-bil  capacity  (straight 
bin.iry)  Ihe  R AM  oiilpiil  may  Ix'  lo.uled  in  parallel  mtv'  this  counter. 

In  order  lo  utilize  the  R.AM  and  Ihe  counter  to  ptv'vide  multiple  channel  counting  a con- 
siderable ntimKT  of  ailvhlional  devices  is  required  fv'r  programming  purpo.ses.  Programming 
details  will  now  be  cmtsidered 

fi'unter  (,>22  divules  the  frequency  of  the  mci'imng  HI- Cl  K (vvavefornt  I of  l ig.  ‘J)  by  8 
and  produces  a t-hne  oulpiit  (waveforms  2.  5 and  4 of  I ig  4)  Strobe  pulses  (vvavefornt  5 of  I ig,  6) 
of  250  ns  nominal  duration  arc  generated  at  Ihe  high  frequency  clock  rale(l  (548576  MHz)  but 
half  an  HI  t'l  K (X'riod  out  of  phase  with  the  switching  of  Ihe  divide-by-8  counter.  Ihider  the 
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gating  action  of  the  strobe  the  3-line  counter  output  is  decoded  via  023  to  produce  an  8-line 
output  Dl  to  D7  (waveforms  6 to  I3  of  Fig.  9).  Pulses  (of  230  ns  duration)  are  generated  at 
131  -072  kHz  repetition  frequency  (repetition  period  8T)  on  each  output  line. 

A complete  memory  cycle  (read,  upxiate,  count  and  write)  takes  8T;  thus  the  memory  is 
accessed  at  a I3I  072  kHz  rate.  Decoder  outputs  DO  to  D7  form  clock  pulses  for  initiating  the 
variou.  program  functions  which  take  place  during  a memory  cycle.  These  functions  in  order 
of  occurrence  in  a memory  cycle  are  listed  in  the  following  table. 


Control  Output 
From  Decoder 

Program  Function  Which  Is  Controlled 

Dl 

* Select  new  RAM  address 

D2 

Load  contents  of  memory  into  time-shared  counter  (LOAD  I) 

D3 

* Advance  time-shared  counter  by  one  count 

D4 

* Examine  state  of  time-shared  counter 

D5 

* Reset  time-shared  counter 

D6 

Write  contents  of  time-shared  counter  back  into  memory  (WRITE  I) 

D7 

Load  contents  of  memory  into  time-shared  counter  (LOAD  2) 

DO 

Write  contents  of  time-shared  counter  back  into  memory  (WRITE  2) 

* One  or  more  of  these  actions  is  omitted  in  some  memory  cycles. 


An  appropriate  WRITE  ENABLE  input  (waveform  I4  of  Fig.  6)  is  generated  by  combining 
the  D6  and  DO  outputs  from  the  decoder,  and  an  appropriate  MEMORY  ENABLE  input 
(waveform  1 5 of  Fig.  9)  is  generated  by  combining  the  WRITE  ENABLE  input  with  suitable 
outputs  from  the  3-bit  counter.  Data  are  read  from  the  memory,  as  indicated  by  the  dotted  signal 
in  Figure  6 when  WE  • ME  0 (where  WE  and  ME  are  the  WRITE  and  MEMORY 
ENABLE  inputs  respectively). 

Because  the  inverse  of  what  is  written  in  the  RAM  appears  on  the  output  when  the  contents 
of  the  memory  are  read  it  has  been  found  convenient  to  add  the  second  LOAD  and  WRITE 
functions  solely  to  achieve  a net  non-inversion  over  a complete  memory  cycle. 

Most  memory  cycles  are  utilized  for  frequency  division  of  the  HF  CLK.  The  generation 
of  a GATE  output  (Sec.  3.2.3)  having  a repetition  frequency  equal  to  twice  the  required  con- 
version frequency  is  a requirement.  To  enable  a I -024  kHz  conversion  rate  to  be  achieved  an 
overall  division  of  the  HF  CLK  frequency  by  a factor  of  I024  is  required.  To  produce  the  GATE 
signal  a division  factor  of  5I2  is  required.  As  there  is  one  memory  cycle  for  every  eight  cycles 
of  the  HF  CLK  a cycle  of  the  GATE  output  is  required  for  every  64  memory  cycles.  In  effect 
63  of  the  64  memory  cycles  in  question  are  used  for  the  above  frequency  division  and  the 
remaining  one  for  all  other  functions. 

To  examine  the  method  by  which  the  frequency  of  the  HF  CLK  is  divided  assume 
that  the  GATE  E3  (Fig.  7)  is  initially  low.  In  that  case  the  IQ  output  of  flip  flop  Q2IA  (where 
02 1 A is  the  first  and  Q2IB  the  second  flip  flop  in  the  dual  flip  flop  device  Q21)  must  be  low. 
Under  these  conditions  tri-state  buffer  Ql  will  be  enabled  and  the  hard-wired  address  12  input 
to  that  device  will  be  transferred  to  the  RAM  address  bus.  At  other  times  the  RAM  address  bus 
will  receive  inputs  from  other  sources  with  tri-state  outputs.  At  this  time  it  may  be  assumed 
that  the  outputs  from  all  other  such  sources  are  in  the  high  impiedance  state.  Further  details 
on  the  address  bus  will  be  given  shortly. 

It  follows  that  while  GATE  E3  is  low  RAM  address  1 2 (indicated  earlier  as  the  address 
allocated  for  HF  CLK  frequency  division)  will  be  chosen.  During  each  memory  cycle  the  stored 
data  in  RAM  address  1 2 will  be  loaded  into  the  time-shared  counter  which  will  have  its  count 
state  advanced  by  unity.  Such  counting  will  proceed  until  the  counter  output  (waveform  1 6 of 
Fig.  9),  coupled  via  link  to  the  P6  terminal,  switches  high  when  the  count  state  is  advanced  by 
unity.  In  Fig.  7 P6  is  shown  linked  to  PIS  which  is  the  2’  output  of  the  time  shared  counter. 
If  the  counter  were  initially  reset  to  the  zero  count  state  that  output  would  switch  high  after  2« 
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(i  c 64)  pulses  li.ul  hecn  iceeiseil  Dcl.uls  on  the  lime  \.iii.iiu>ii  iifilie  niiiulei  si.iu-  .iiul  ihe  mimivi 
sinreil  .11  .uliliess  1- ol' ilie  R AM  ;ire  slumn  uiuler  v\;i\el'iirm  >)  | |u-  rollinMii):  sei|iieiue 

ol  i>(HT.tiums  i.ikes  pl;iee  iluniig  ihe  meiiu'rv  e>ele  lor  wliieli  ilie  n>uni  is  .uis.iueesl  liom  si.iie 
p)  to  M 

(i)  Ai  l)’(w.iveloim  7 of  I ij*  ‘»)csnmi  siau-  6Usill  be  le.ul  mio  ilie  iime-sli.irevl  ei'unlei 
I'lom  RAM  aililiess  I’ 

III)  Ai  17'  ilie  eoiini  si.iie  will  Ix'  luls.ineeil  ii>  M lesuliiiii:  in  itie  ouipiii  I I .ii  ieniiiii.il  I’d 
svMiehiii):  liiiili 

(III)  Al  1)4  Ihe  si.iie  of  I I will  lx-  iiilerrofi.ileil  aiul  Ix-e.iiise  il  is  now  hi};h  Ilie  I 7 oulpiil 
(w.iselbim  17  .>1'  I ii;  '»)  sif  ihe  Hip  lU>p  ev'inpiisiiiiS  N ANI)  ji.iles  1,)1SA  .iiul  I,)1SH 
w ill  sw  ileh  hiuh 

|i\)  Bce.iuse  12  is  imw  hij;h  ihe  ouipul  of  AND  ii.ile  D-'OH  will  lx-  li'w  ihiis  e.iiisiii};  .i 
resei  puKe  lo  lx-  ii.insierieil  u>  ihe  iime-sh.iieil  eoiiniei  m.i  NOR  g.ne  DI4I)  .n  !)•' 
(s)  Al  |)6  Ihe  eonieiiis  tif  ihe  liine-sh.iretl  eoiiniei  (wiili  ihe  eveepiioii  ol  ihe  le.isi  sifimli 
e.inl  hil)  will  lx-  wnllen  mio  Ihe  R AM  Beeause  I 2 is  hieh  aiul  Ihe  V oiiipul  iw.iselomi 
' of  I i_e  ’))  ol  eounlei  (,)22  is  also  hijih  al  Ihe  lime  ol  .mis.il  I'l  l)d,  oiilpiil  I 4 (w.ise- 
I'v'rm  14  ol'  I le  4)  will  lx-  hijih  aiul  lienee  .iKo  ihe  oiilpul  ol  NOR  jj.ne  D4(  I hiis  .i 
"I"  r.iihei  ih.in  .i  "()"  will  be  ii.insleiieil  mio  Ihe  le.isi  si^nilie.ini  bii  of  ihe  R AM 
menu'iv  lleiue  Ihe  eouni  siale  elleelivels  .uK.inees  iwiee  iluimi:  Ihis  memt<i\  e>ele 
(M)  Al  D’  Ihe  s-onlenis  i>l  ihe  memory  are  re.ul  in  iiuerlesl  Iimiii  b.iek  nilo  llie  linie- 
shareil  eoimier. 

|sii)  Al  DO  Ihe  eoiinler  oiitpiils  .ire  wnllen  b.iek  inlo  iiieiiiory  )'ul  .il  ihis  lime  no  iineisn'ii 
lakes  pl.iee  \i.i  NOR  j:ale 

(Mil)  Al  Dl  (iievl  menioiN  eyele)  ihe  Ik.)  oulpiil  ol  llip  Hop  (,>21  ami  lienee  also  ihe  (i A I 1 
oiiipiii  I ' (waseroini  I.S  of  1 if:  4)  \m||  svMteh  liifili  resuliiiij:  in  ilie  seleeiion  ol  R AM 
aililresses  (>ihei  ih.in  12  I he  seleeiK’ii  iil  sueh  aiKliesses  w ill  bees.imineil  subsei|nenil\ 
|i\)  Al  D2  I 2 will  be  rcsel  lo  the  low  slate  Die  seipienee  I'l  o|X'i.ilKins  I'oi  the  nieimm 
esele  applie.ible  lo  Ihe  nevs  .uKhess  will  si.iri, 

(\)  At  Ihe  lollowiii!;  Dl,  Hip  Hop  ()2IA  will  be  reset  thus  e.iiismi;  OAH  I lo  swiieh 
baek  lo  the  h'w  si.iie.  R AM  aiUlress  12  will  lu'w  be  eliosen  ajiam 
|\i)  Al  1)2  the  ei'iiieiiis  (stale  I as  iiulieated  m |\))  iH' the  R AM  will  Ix’  U’.uleO  iiiU'  the 
lime-shareO  eounter  Alter  <i.'  memory  cycles  the  sequence  siariiiii:  al  (i)  w ill  lx-  refXMieO 
Thus  Ihe  re|X‘iiiion  |X‘rioii  of  the  (i.A  ri-  I','  will  lx‘  the  Oiir.iiion  of  d4  meiiiors  cycles 
(5121)  anil  Ihe  lime  lor  which  ii  is  high  will  be  Ihe  iluralion  of  I niemorv  cycle  (SI  ) 
Oulpul  I (waselorm  21  of  I ii;.  10)  of  Hip  Hop  ()2I  A Is  taken  lo  the  liiviile-by  two  section 
of  counter  k)22.  The  resulliii}:  square  wase  oulpul  is  biiH'ereil  via  k,DB  lo  pnxluce  Ihe  I I-  t'l  K 
signal  (waNeform  20  of  I ig  10)  Both  the  (iAI  l 1 ami  the  1 1 f I k 15  are  taken  lo  the  baiul 
separator,  t'oinersioii  m Ihe  ADO  lakes  place  at  Ihe  I I f I K re|X'liiion  frequencs  (Sec  .'.2  ') 
When  lerminal  I’d  is  linkeil  to  lerminal  BIS  as  shown  in  I igure  7 Ihe  resuliing  I I-  Ol  k fre- 
quency is  I 024  kHz.  Ollier  frequencies  can  be  chosen  simply  by  changing  Ihe  link  posiiion 
In  Ihe  following  table  Ihe  1 I Cl  k rale  t)  (equal  lo  half  the  reix-liiion  frequency  ofOAIl  I ') 
is  gi\en  as  a funclioii  of  the  link  position. 


I F' Cl.K  Details 

Terminal  to  be 

Repetition  1 requency  (/'/ ) 

Repetition  F’eriod  ( /';,) 

*32-7P8kFl/  (2'-') 

32T 

1*28 

•IP  3S4kFI/  (2") 

P4T 

P2P 

8 142kll/  (2':') 

128T 

P24 

4 l)4PkFI/  (2'-’) 

2.SPT 

P22 

2 1)48  k FI/  (2'') 

.S12T 

P20 

1 1)24  klF/  (2'") 

1024T 

PI8 

.SI  2 11/  (2») 

2048T 

PlP 

2.SP  11/  (2K) 

404PT 

P14 

128  11/  (2') 

8I42T 

PI  2 

P4  FI/  (2'*) 

lP384r 

PIO 

32  11/  (2'>) 

327P8T 

P8 

• These  I'requeneies  are  too  high  lor  the  band  separator  of  b'lgurc  3.  henee  connection  of 
PP  to  P2P  or  P2X  is  not  valid. 

Consideration  will  now  be  given  to  the  sequence  of  addresses  which  is  applied  to  the  R.\M 
address  bus  driven  in  a time-shared  manner  by  a number  of  devices  with  tri-state  outputs,  .As 
indicated  above,  address  1 2 will  be  selected  when  GATK  li.1  is  low  (or  when  12  is  high  as  indicated 
in  waveform  21  of  F-ig.  10),  As  indicated  in  Section  3.2..)  the  4-line  band  separator  address  output, 
which  is  connected  to  the  RAM  address  bus,  will  be  enabled  if  Ci.ATT'  I'.)  and  1 I-  Cl  K 1-3  are 
both  1 (Refer  to  waveforms  2,  4 and  5 of  Tig.  P,  and  to  waveforms  IS,  20  and  the  band  separator 
address  select  waveform  of  Tig.  10).  When  the  band  separator  address  is  selected  the  number 
stored  in  the  equivalent  RAM  address  will  be  increased  by  I during  the  memory  cycle  for  which 
both  E3  and  T.s  are  high.  When  CiATT!  E3  is  high  and  the  l.F  C'l  K T5  is  low  either  a clocked 
output  address  (0  to  4)  or  address  13  (for  output  pulse  generation)  will  be  selected  as  indicated 
by  the  “Clocked  or  RAM  Address  13  Select”  waveform  of  Figure  10. 

The  sequence  of  operations  which  leads  to  the  generation  of  an  output  pulse  fivr  a readout 
is  as  follows. 

When  the  band  separator  address  is  selected  the  number  stored  in  one  of  addresses  0 to  4 
or  1.^  is  increased  by  unity  at  the  I F' Cl.K  rate  (I  024  kM/  for  the  PP  to  PIS  link  dotted  in 
Fig.  7).  In  effect  these  numbers  represent  the  individual  pre-counter  readings  ffir  the  respective 
bands  (except  that,  as  indicated  earlier,  address  I.S  is  a dummy).  F'xamination  of  the  pre-counter 
states  is  not  accomplished  at  the  time  the  band  separator  generates  an  output  on  the  R.AM 
address  input. 

While  the  tri-state  4-line  BCD  output  address (OAO-l  to O.AD-S) fri'in  decade  counter  Q.) 
is  enabled  an  output  pulse  (Sec.  3.2..S)  will  be  transferred  to  the  readout  having  that  address 
(0  to  4 corresponding  to  bands  I to  10).  For  an  additional  interval,  which  sets  minimum  pulse 
separation,  no  examination  of  the  pre-counter  states  occurs  and  no  furthei  output  pulse  can  be 
generated.  At  times  other  than  when  an  output  pulse  or  the  subsequent  separation  gap  is  Iveing 
generated  the  numbers  stored  in  RAM  addresses  0 to  4 will  be  examined  in  turn  at  the  I F'  Cl  K 
rate  ft.  while  GATF'  H3  is  high  and  the  l.F'  CF  K low.  Thus  the  time  taken  to  interrogate  all  ten 


IP 


.ulilu->.M's  vKili  K-  lit  ti  liiloiti>t;.itu>i)  in  llus  lu.innci  vmII  winlinuc  until  .1  K \M  .kMu'ss  is  riiuiul 
li'f  which  iho  sioicd  cxnicnis  excecil  .1  piosciihoil  iiunilvi.  \/.  s.n  I m ihc  link  iHisiiunis  iiuti 
c.ili-ii  in  1 ijniio  ' Ihc  picscnhcd  niinitx-i  is  1024,  which  l.ii  li'iipjc  JumIh'ii  iiuIic.iIumi  icpicscnis 
I sccoiul  >>(  intci:i.iu-i1  time  When  .1  R VM  .uKUess,  K>i  which  the  simcil  luimK-i  is  eijii.il  to  01 
fire.ilei  ih.in  \r.  is  IoiiikI  Ih.il  .ulOress  will  K-  ' Tro/en  ’ in  Jec.ule  coiinlet  (,)»  lot  an  appu'piiale 
intetval  while  the  lelesant  leaOout  is  eneij:i/eil  Ihc  subsei|ueni  niininuini  pulse  sepaiation 
iiuctxal  has  been  niasie  cvjual  ti'  the  teaitoul  pulse  ituralion 

I he  actual  es|uence  ol  lo>;ic.il  steps  which  >:ne  rise  to  the  above  o(X'iatton  will  lU'w  K- 
examinevi  in  vletan 

\s  a stailiu)!  I'oinl  assume  IDMROI  fiAII  I (wavelorm  22  of  I ij;  III)  is  low  It 
folli'ws  that  the  SI  I II  I input  to  vlijtital  multiplexei  l,)2  will  he  hi>:h  aiul  the  4lme  cloikeil 
aiUlress  output  Itoni  vlecaOe  countei  i,)'  will  be  selectcil  via  the  multiplexei  When  Cl  A 1 1 I t 
IS  high  ami  the  I I I'l  K 1 s is  low  the  in  state  iHilpiils  of  nuilli|'lexei  l,)2  will  Ih‘  enablcvi  thus 
iransferrinj:  the  aihlress  output  I'l  vlecavle  counter  l,).l  to  the  RAM  aiKtiess  bus 

A niemotv  cvcie  at  the  chosen  avMiess  will  K'  imtiaievi  At  l>2  the  contents  >>1  ih.ii  avMiess 
will  K-  reail  mli'  the  lime  shareil  counter  At  Itl  a cmint  aJvance  will  be  inhibitcvi  via  l,)l4l 
I 0(!ic.illv  the  .iiKance  is  mhibilevt  if  I I 1.  I 5 It  aiul  I h 0 A suil.iMe  inhihit 
signal  17  (w.ixeform  2.'  I'f  I ig  10)  is  ileveloixxl  at  the  v'litpui  ol  \ AM>  gate  l,)’l) 
(since  I ■’  (I  t)  (1  S)  (I  n)  ) 

At  1)4  the  number  transferrevl  to  the  iime  shaieil  counter  from  the  selecieil  R AM  aiKliess 
IS  examinevi  C'v'iisuier  a tv  pical  rei)iiiiement  b'l  o|H‘ralu'n  in  the  torque  vluiation  luvlication  lUvxle 
If  a conversion  rate  of  I (>24  kHz  is  chosen  anvl  if  a reavloui  is  tii  Iv  ailvancevi  fv'i  each  secoml 
v’l  (vv(ali/evl  time  that  the  iivrque  level  falls  within  the  torquebanvl  Iv'r  that  reavUvut,  then  when 
the  storeil  pre-count  reaches  1024,  ,1  pulse  must  be  tiansferrevl  tv'  the  leavlout  I'lulei  ceitam 
circumstances  it  is  possible  lor  the  prescribevi  pre-cvuini  limit  tv'  be  reachcvl  at  a niimK-i  .>1 
avlvlresses  within  a shv'rt  time  of  each  I'ther  Hv'wever  v'niv  v’lte  reavli'ut  can  be  avivancevi  .11  .1 
time,  hence  it  is  vlesirable  that  over-range  capabiliiv  be  ptovivlevi  I vm  the  particular  c.tse  ciicvl 
the  circuit  hits  been  arrangevl  such  that  iin  v'uipui  pulse  will  be  generaievl  each  time  a cv'iiiit 
state  between  1024  aitvl  40‘).s  is  iletecteil  If,  sax,  a state  401'  is  vieieclevi  then  1024  will  be  sub- 
tracievl  at  the  time  the  lirst  output  pulse  ts  geucvatevl  anvl  si>  vsn  until  a state  below  1024  is  vletectevl 
rite  prescribevi  nuniK’r  .it  v'r  abv've  which  a reiivh'ut  pulse  will  be  generaievl  is  set  bv  the 
connection  of  the  U'gic  blwk  (mcorpv'r.iling  qiiavl  2-inpui  NOR  g.ite  Cjlh  anvl  v'lher  ci'mi’v'nenis) 
which  is  interposevi  between  two  cv'iisecutive  R AM  inputs  an.l  twi' .issi'cialevl  tinie-sh.irevi  counter 
parallel  vuitputs.  Oeline  as  iiuliciitcvl  in  figure  7: 

\i  as  the  more  significant  I'f  the  two  outputs  from  the  time-shareil  coinr 
) 1 as  the  less  signi  icant  of  the  two  outputs  from  the  time-sharevl  v-vuir 
/i  as  a contrv'l  input, 

A j as  the  more  signiticiini  of  the  ivw'  R AM  inputs. 

) a as  the  less  significant  v'f  the  tvw'  R.AM  inputs, 
anil  /..<  as  a contrv'l  v'uipiii. 
f urther  ilefme: 

Hi  as  the  number  (0  to  .))  fi'rmeil  bv  the  \ 1 ;mil  > 1 counter  outputs, 
and  n-a  as  the  number  (0  to  formed  bv  the  \a  and  la  RAM  inputs 

Vhe  logic  bliKk  IS  arr.inged  such  that  if  the  control  input  /i  is  I a siiiiight  transfer  of  the 
counter  outputs  to  the  R AM  inputs  will  occur,  and  if /i  is  ()  then  nj  will  Ih-  I less  than  n,  if 
m ' I.  With  the  logic  bKx'k  ssstem  used  the  R AM  max  hold  up  to  4\,.  I (i  e.  AAr  1 in 
excess  of  the  prescribed  limit  .Nd  before  anv  information  is  lost.  I ogtcalK  the  relationship 
between  inputs  and  outputs  of  the  logic  bUx-k  is  as  folUiws: 

Aa  AiOi  /il 

fa  ) I /i  I \ I ( 1 1 /|) 

/a  /i  t'l  )i) 
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Hence  the  f'lllowmg  iruih  table  applies. 


C ontrol  input  /i  (ssasel'orin  24  of  bii:.  7)  is  pisen  logicalK  b\ 

/i  ui'7)  nr 

where  b'7  is  the  clock  inhibit  signal  discussed  above  and  1)  (wavel'orm  4 of  I ig.  4)  is  the 
Mb  C'l  K,  di\ide-b\-S  output.  I'hus  during  the  mentors  cscles  for  which  a check  is  made  to 
determine  whether  the  sti>red  number  is  equal  to  or  greater  than  the  prescribed  limit  (1024  bir 
the  special  case  considered)  /i  will  switch  low  as  indicated  in  figure  10  When  such  a number 
IS  detected  /j  will  switch  low  for  the  period  /\  is  low.  In  that  case  a pulse  I K (waveform  25 
of  big.  10)  will  be  generated  at  174  and  transferred  to  flip  flops  yi4A  and  B.  Q14B  will  not 
normally  change  state  but  its  output  stale  b4  (waveform  2fi  of  big.  10)  will  K*  checked  at  this 
time  to  ensure  1-4  is  0.  will  change  state  as  indicated  via  b it)  (waveform  27  of  big.  10) 

.■\s  a consequence  the  C'lOC'K  b'NABI  b input  to  counter  Q.' will  beset  high  causing  the  count 
state  in  Q3  to  be  “fro/en"  (while  blO  is  high).  While  b'4  is  low  and  b It)  high.  Ol'  I'PliT  .M)l)RbS.S 
[7ISABI  b bll  (waveform  2K  of  big.  10)  will  .switch  low  and  the  clocked  address  in  decade 
counter  Q.7  will  be  transferred  to  the  tn-state  output  bus  resulting  (Sec.  .5.2.5)  in  the  transfer 
of  a pulse  to  the  appropriate  readout. 

At  D5  the  time-shared  counter  reset  function  is  inhibited. 

At  Dfi  a number  reduced  by  1024,  for  the  link  positions  indicated  in  bigure  7.  will  Ise 
written  into  memory. 

Normal  read  and  write  otx'rations  take  place  at  07  and  170  but  no  subtraction  occurs. 

•At  171  (next  memory  cycle)  bb  (waveform  22  of  big.  10)  will  switch  high.  Multiplexer  (,72 
will  now  switch  from  the  cliKked  address  output  of  Q.5  to  address  1.5.  Once  again  the  multiplexer 
output  will  be  enabled  if  the  CiATb!  is  high  and  the  l.b  t'l  K low.  After  a prescribed  numK'r 
of  l.b  Cl. K.  cycles  have  passed,  the  time-shared  counter  output  connected  to  terminal  P.K  will 
switch  high  causing  the  flip  flop  OI4B  output  b4 (waveform  26  of  big.  10)  to  switch  back  high 
at  174.  b4  remains  high  until  the  output  at  terminal  P5  reverts  again  to  the  low  state.  The  transi- 
tion of  b4  from  the  high  to  the  low  state  causes  the  output  b 10  of  flip  iT'p  C7I4,'\  to  switch  back 
to  the  low  state. 

A RbSbT  GATb  b!l2  (waveform  24  of  big.  10)  is  generated  at  the  output  of  NANO  gate 
QIKC.  Logically  bl2  blO  • b6.  At  I74the  RbSliT  Ci  A bb' .switches  low  and  at  175  the  contents 
of  the  time-shared  counter  are  cleared. 

At  the  commencement  of  the  next  memory  cycle  subsequent  tiv  bit)  reverting  to  the  low 
state.  CONTROL  GATE’  b6  will  switch  hack  high.  Once  again  the  ckx'ked  address  will  be 
selected  via  multiplexers  Q2  and  the  w hole  sequence  of  searching  for  an  address  (0  to  4)  containing 
a number  equal  to  or  higher  than  the  prescribed  limit  will  be  repeated. 

bnabling  of  the  output  address  will  ivccur  lor  only  half  of  the  time  that  address  1 ,5  is  selected 
bor  a I 024  kHz  l.b'ClK  frequency  (set  by  link  connection  to  P6)  and  for  the  particular 
connection  to  P5.  shown  dotted  in  bigure  7.  an  output  pulse  of  Js  duration  will  be  generated  but 
another  pulse  cannot  be  generated  until  at  least  another  Js  has  elapsed.  I'his  feature  prevents 
a count  being  missed  because  a readout  receives  two  pulses  in  succession  insutlicicntly  spaced 
in  time. 

Alternative  link  connections  alh>w  the  pre-counter  ilivision  f.icli'r  ami  the  reailtnil  pulse 
duration  to  be  varied  over  a wAle  range. 


In  llie  I'l'llo^ing  i.ihic  Ihc  pi-c-i'ounicr iIimsumi  I'iK-u*!  N/-i>  (jivon  ;in  ti  I'uik'Iumi  of  ihc  linl. 

|H'Mtu<n\  (.tu'Ncn 


I’lc-ciuinicr  l>i\iMi'n  I .ictor  \r 


Rcmiire^l  1 ink  (.'onncx'lu'iiN* 


1 

I’l  1 R’-/. 

1’7  * l’74. 

1’  ) ‘ IMO. 

l’4 

‘ l’7.'i 

> 

I’l  - 1*7.'. 

1’7  ‘ l’77. 

1’)  ‘ l’7S, 

l‘4 

‘ l’7b 

4 

I’l  • l’7). 

1’7  ‘ l’7s. 

IM  ■ l’7b. 

l’4 

‘ 1*74 

S 

I’l  s|’7l. 

1*7  • l’7.). 

IM  ‘ l’74, 

l’4 

‘ 1*77 

In 

I’l  • l’|4, 

1’7 

‘ l’7l. 

IM  ‘ l’77. 

l’4 

‘ l’70 

)7 

I’l  sl’r. 

1’7  - I’l 4, 

1’)  ‘ 1’70. 

1’4 

‘ I’IS 

f>4 

I’l  -I’l^. 

l’7  ‘I’l  7. 

1’)  ‘I’IS. 

l’4 

‘ I’lb 

I7.S 

I’l  i|’l.). 

I’7  ‘ I’lS. 

I’A  ‘ I’ln, 

1’4 

‘ 1’14 

7sn 

I’l  ‘I’ll. 

I’7  ‘ I’l  ). 

1’)  ‘ 1’I4. 

l’4 

‘ I’I7 

.‘'1 7 

I’l  • l’4. 

I’7  • I’l  1. 

I’l  ‘I’l 7. 

1’4 

* I’lO 

1074 

I’l  • 1”. 

I’7 

‘ l’4. 

I’  l ‘ I’lO, 

l'4 

‘ I’S 

* \\  here  the  lojiie  bUvk  is  not  inteiposevl,  shres't  eonneetion  tx-t\\een  the  tinu-shitrevi  s'ounier 
ontpiiis  .Hill  the  R \M  inputs  is  lequiieil 

It  IS  to  K‘  noteil  tli.it  the  nia\iinuni  iIimmoii  I'aetoi  lor  the  iiiiiiii  lii.iwn  in  I iguie  7 is  1(174. 
It'  a eoine'Mon  r.iie  of  jiicater  than  I l04  kll/  xsere  leijuircil  to  aivoninuHlate  an  input  signal 
having  wilier  h.inilwulth  then  either  the  re.iilout  rate  eoulil  Ix'  iiiiic.iseil  above  I puKe  (xm 
sev'onil  of  toi.ili/eil  time  or  the  R \M  aiul  tinie-sharevl  eounter  eoulil  lx‘  evleiulevl.  llciuvtvvo 
ileviees  vvouUl  I'lovule  .in  aililition.il  7*  ilivision  faetor.  I vtension  of  the  storage  aiul  eouniing 
range  vvoulil  not  reijuire  .inv  eli.inge  in  the  programming  eiieuiis 

lor  eonvemenoe  iletine  the  output  pulse  iluralion  as  I\\  Hie  nia\inium  number  of  pulses 
vvhiih  ean  be  ii.iiisferreil  to  the  re.ulouis  |vr  secoinl  is  aivv.ivs  less  than  I t7/',iV  If  we  eonsulei 
the  nia\imum  le.iilout  late  for  a I'aiiieular  lormiebaiiil  then  the  minimum  pulse  spaeiiig  will  Ix- 
given  bv  the  sum  ol' 

(i)  1 he  iluralion  /',i  of  .i  re.iilout  pulse 
till  The  iluratioii  / ,i  of  the  interpuKe  gap 

till)  The  ilur.iiioii  of  10  eveles  of  the  I 1-  (.'1  K over  vvliieh  inteival  a seaieli  is  ni.iile  for  .in 
.iililress  (0  to  4)  having  a siorcvl  count  equal  to  or  greater  than  the  prescribeil  pie-counter 
limit  (a  search  aivvavs  starts  at  Ihc  .uhlress  one  higher  than  that  at  which  the  previous 
outi'ul  pulse  vv.is  tiansferreil) 

lleiK-e  the  ma\inium  re.iilout  rale  fmn  fi'i  a particulai  baiul  is  given  bv 

I 

f fUK  11^ 

7/„<  10/, 

lor  the  loique  ilui.itioii  iiulicator  the  ma\imum  aver.ige  le.uloui  rale  is  I t4/',i)  11/ siiK-e 
I t7/'o)  11/  IS  too  f.isl.as  iiiilicatevl  above,  aiul  the  rale  can  onlv  be  varieil  bv  factors  of  7 I hus 
the  iiiaMiiium  ilutv  cvcie  which  can  be  applicvl  to  the  re.ulouts  for  the  torque  iluiation  iiiilicator 
IS  7,S'\. 

l or  the  level  evceeilaiuv  iiulicator  the  reailoui  rale  for  a parlictilat  baiul  can  K'  increaseil 
Iv’  fmK  without  ilaia  loss  If  the  re.uloul  is  upvlatevl  for  each  tatigue  cvcie  counievi  then,  in  this 
instance,  the  maximum  fatigue  cvcie  rale  or  input  signal  fiequencv  which  can  be  haiulleil  is  tmK 
In  the  following  table  output  pulse  iluralion  aiul  iiiaMmum  reailoui  rate  are  given  as  a 
function  of  the  link  coniuvlion  to  terminal  1’.'. 


L . 


When  the  torque  duration  indication  mode  is  used  and  an  output  is  being  generated  on 
a particular  band  the  individual  repetition  periods  will  not  be  all  equal  but  there  will  be  two 
pcissibilities  ditTering  by  the  duration  of  10  cycles  of  the  IF  CLK.  Consider  the  arrangement 
formed  by  the  dotted  link  connections  of  Figure  8.  In  that  instance: 


LF  CLK  frequency//,  = 1 024  kHz 
Pre-counter  division  factor  = 1024 


Output  pulse  duration  To  = 128,//.  = 0 125  s 


Hence  on  the  average  there  will  be  one  output  pulse  generated  for  each  second  of  totalized 
time  (average  output  pulse  rate  thus  being  equal  to  1 Hz).  In  other  words  an  output  pulse  will  be 
generated  on  the  average  for  every  1024  cycles  of  the  LF  CLK.  For  each  output  pulse  generateil 
no  search  of  the  stored  counts  will  ivcur  for  the  period  of  256  cycles  of  the  I F Cl  K (128  cycles 
will  pass  while  the  pulse  is  being  generated  and  another  128  while  the  following  separation  gap 
IS  being  generated).  Thus,  on  the  average,  768  (equal  to  1024-256)  cycles  of  the  I F'  CLK  will  be 
generated  while  R.^M  addresses  0 to  4 are  searched  at  the  LF  CLK  rate  for  an  address  containing 
more  than  1023  in  storage.  But  a particular  address  will  be  examined  only  once  every  10  cycles  of 
the  LF  CLK.  Hence  the  output  pulse  repetition  periixl  will  be  either  the  duration  of  1016  (equal 
to 256  • 760)  or  1026  (equal  to  2.^6  ( 770)  cycles  of  the  LFCl  K To  provide  the  average 
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tcivlilu'ti  (X-iukI  oqii.il  t>'  ihi-  .lui.ili>>n  i>l  10 '4  inJcn  oI  ihi-  II  I'l  K iwi>  (x-iiivK  lUil  ul'  li.n  « ill  'v 
cqu.il  I.'  I0I^  ti  aiul  i-i(:hl  will  lx-  ci|u.il  t.'  lO.Y  I he  10  (x-ii.xl  .nei.i.eo  i.i  mi.mliu  whalw.m 
he  le.iiliU  me.iMiieO  «ilh  m.iiu  elevOonu  wouiiieiNl  uill  lem.ii.i  .il  llC4  f/  (ei|u.il  iv>  I si 

Hence  the  pieslidesl  ie(vlili.>n  (viusK  s>>nsislenl  «ilh  (he  .iK>\e  .in.iKsis  will  Iv 
(O  I i<r  J scsies  111  10  'M'|ss  ,.s 

(III  I 111  N sikles  111  10  IO(i|iJ'l  ..s 
(ml  \\ei.i(:e  i'\ei  !(' (I'l  'isisles  liiOl^iOO  ^.s 

Me.isureil  i.ilues  weie  .iliiu'si  in  ec.icl  .i(:ieenienl  wiih  (he  piedicleil  licuies 
Ohiu'iisK  (he  eleclii'iiiech.inis'.il  le.uliuiis  liiiiil  (he  ni.i\ini(ini  luiinix'i  I't  I'liipiit  pulses 
which  can  Iv  sMunlecl  (X-i  seci'iul  1 oi  (he  l\|x-  nl  leashuil  chuseii  ( \p|x-iuli\  I Mihe  s(x-ciIk\I 
iiiaMiiuini  ciHiniinc  lale  is  11/  H.'wevei  imi  iiniis  lecenlK  (esiesl  saiislacli'i \ I'lX'ialu'n  wiih 
lo  s'l  aiul  ie|x-li(uiii  liequencc  I'l  ah.iul  .'0  11/  has  tven  esiahlisluxl  In  esiahlishmc  (he 

niavinuiin  I'lx'ialiiii;  liequenci  (he  level  ecseeslance  nuxle  ol  o|X‘ialii'n  was  clu'seii  aiul  (he 
lolUiwin^  seiiiiijjs  weie  useil 

(Il  I’o  was  cunnixievl  lo  l’J4  lo  pioMsle  an  II  Ilk  rate  ol  M'l:  11/  (the  iiiaMiiuim  late 
which  can  he  usesll 

(Ml  I’l  was  connectesl  lo  I’’',  I’’  l.i  r:i).  1’ I to  I’lO  ami  l’4  to  I’.'S  Isi  piovule  a pie  Cviiiniei 
iliMsioii  lacloi  ol  iinilv  (hut  still  pieseiviiif;  (he  ovei  ianee  capahihlvl 
(ml  l’>  was  cv'iiiiecleil  lo  I’ll'  lo  iieneiale  pulses  ol  s Juration  Km  the  leaiKnils 

I iM  the  above  selliiiiis  the  preJicleJ  iiia\mi(ini  inilpul  piiKe  lale  is  cive  hv 

I 

:/o.lOK 

where  /,i  s ami  //  M'lJ  11/  Suhsinuiini:  these  values  vieIJs  r,..,,  i(l  S II.-  which 

acrees  closelv  with  the  nieasmeJ  lijiuies 

II  an  I I I I k lale  ol  l(''4  11/  weie  iiseJ  (I’o  connecteJ  lo  I’ISI  aiul  the  oiiipui  puKe 
Jiiralion  were  oiue  aeain  set  to  ,‘i  s (l’>  ci'iineclesl  U'  1’’')  then  the  iiiaviniuin  output  puKe 
rate  woulJ  lx‘  .'4  4 II/,  .i  heme  which  vv.is  .iNo  conliimeJ  hv  nieasiireinenl 

lor  U'rnuc  Juration  imhcalion  there  are  noini.illv  lu'  s|x-cial  Jemamis  on  ouipui  pulse 
Iransler  rate  However  it  iniproveJ  lime  reM'ltiluMi  weie  iev(imeJ  this  can  lx*  increasesl  in  hinaiv 
vieps  iVoni  the  I piiUe  |xm  seconJ  i'l'  iniejtraleJ  lime  vielJeJ  hv  the  link  conneclions  imlic.ileJ 
111  I ijime  ' lo  I pulse  Km  eveiv  s sJ  mieeialeJ  lime  \n  I I (.Ik  rale  ol  l(’.'4  H.-.  .i 
prc-counier  Jivision  t'aclor  ol  o4.  ami  an  lUilpiil  puKe  Jiiralum  i'l  j',  s vvoiilj  vieM  the  l.iiiei 
otilpul  rale 

NNheie  mavmuim  sien.il  hamlwiJih  is  rev|imeJ  a ciMiversion  rale  (ejual  lo  II  Ilk  r.ile) 
of  SI*)'  11/  can  he  tiseJ  aiiJ  a minimum  v'l'  S pulses  vvoiilj  he  lianslerieJ  lo  the  leaJi'uis  pe 
seconJ  vliM  the  pie  Cv'uniei  Jivision  lacloi  havinj;  mavimum  value  v'l  l()'4) 

1 he  S1\R1  SN  N(.  inpiil  (w.iveloim  .V)  iM'  l ie  l()|  causes  all  K-VM  .iJJiesses  .iccessesi 
while  the  I * kl-M  I is  liieh  lo  he  leset  lo  the  zero  slate  via  114  (waveKMiii  M ol  I le  U'l  Since 
aJvIresses  (I  ihrv'ueli  *)  vvill  lx-  accessevi  in  the  cKxkeJ  aslJiess  moile  I't  I'lx'iaiu'ii  all  pie-ci'uniei 
stales  will  lx*  /erii  at  the  iraihni:  eJ.ee  v'l'  the  S l -SR  1'  SN  NC  piiKe  (>ne  of  the  mam  aJv.mi.iees 
ol  the  Use  v'l'  the  Sr-\R  1 Ni'  is  that  errvMieoiis  oiiipiiis  on  iou|tiehamls  ol'  hieh  siemiicaiice 
eannot  ixcur  ai  power  swiich-i'ii 

I he  conienis  s>i  R AM  aJvIress  I .)  (allocaieJ  lor  I'liipiii  pulse  .eeneiaiu'iO  aie  not  miiiallv 
cleareJ  so  it  is  possible  that  the  tirsi  reaJoiii  pulse  onlv  mav  K*  misseJ  I heieatiei  R \\1  .iJJiess 
I .'  will  he  cIcareJ  tolU'winj:  the  .eeiieraiion  of  each  oiiipiii  pulse 

< apaeilors  I'o  anj  C'  (I  i.e  ' anJ  -Vpix’iuliv  I .1)  were  K'liml  lo  tx*  neeessaiv  I'oi  coireci 
oix'raiion  of  the  pre-coiiiiier  eirctiii 


a 


.'.2.5  Si»rt  S,>nehroni/in):  .si|;nal  (lonerainr  aiul  Output  I'river  ( ireiiit 

I'ompleie  circuit  anJ  l.ivoui  Jei.iils  on  the  start  svnc  peneraiv'i  anJ  ouipui  Jnvei  circuii 
are  piven  in  I ijztires  II  anJ  12  ies(xx-|ivelv  1 here  are  three  sep.iraie  rimciioiis  peiloimeJ  hv 
this  circuii 

(i)  (leneraiion  of  a sienal  which  reseis  various  circuiis  at  the  lime  power  is  liisi  .ippheJ 
anJ  Jelavs  apphcaluMi  of  2S  \ IH'  to  the  ic.iJouis 


:i 


(Ill  Dcl.oilini’  the  4-line  output  aiWtess  tVom  the  pie-couiilcr  to  iise  a lO-linc  output 
suitable  lor  dri\inj!  the  readouts. 

lull  Provision  ol  bultering  for  some  signals  vshieh  are  taken  to  an  esiern.il  eonneetor  lor 
monitsiring  purposes 

lo  prevent  erroneous  eouiiis  Kung  registered  in  the  readouts  at  the  time  povve  I5\  .\(  | 
Is  first  api'hed  it  is  desirable  that  applieation  of  28  \'IH'  tiv  the  readouts  be  delaved  somewhat 
to  allow  the  regulated  outputs  • 1 5 V and  • 5 V to  eome  up  lo  sjx'eiheatiivn  1 urlher  (as  men 
turned  in  Sec  2 4i  it  is  desirable  that  the  pre -counter  stales  for  all  bands  be  iniiiallv  reset  ii> 
zero  so  that  there  is  no  ch.ince  of  an  I'utput  pulse  being  transferred  lo  a high  lorc|ueband  re.u.lout 
at  this  time 

A delav  circuit  (fig  III  powered  from  the  • 5 \'  regulator  output  is  used  Prior  ti'  the 
application  of  pv'vver,  capacitor  (.4  will  be  discharged  When  Af  power  is  lirsi  applied  the 
output  of  the  5 \ regulatoi  will  rise  Ivuvards  its  specilied  value  and  the  I'utpul  of  comparator 
ff!  will  switch  to  the  high  state  1 he  comparator  output  is  taken  to  input  l\h  of  tii-siate  he\ 
butler  O'  A bulVered  SI  AR  I SA  NC'  output  is  obtained  at  output  Of  It'  which  is  [X'rmanentiv 
enabled 

Alter  a delav  period  t'  7 ((.  .1)(RI)  second  approvimatelv  (wheie  C is  expressed  in  micio- 
farad  and  R1  in  megohm)  the  luitput  of  comparator  yi  will  revert  to  and  be  maintained  ihere- 
afier  at  the  low  state  As  a consequence  the  SI  AR  l SA'NC"  output  will  switch  low  and  rel.iv  K I 

will  be  energi/ed  thus  c«mncctmg  28  A DC  to  the  readouts  and  their  driving  circuits.  I or  the 

values  v'f  R1  aivvl  <.  7 mvlicateil  in  figure  11  the  delav  will  be  0 .1  second  approximatelv . 

1 he  SI.ARf  SA  NC  output  is  used  to  iniliallv  clear  certain  circuits  (Secs  ,V2  aiui  ' 2 4) 

to  ensure  that  no  readout  pulse  is  generated  (after  the  initial  delav  pernid  has  elapsed)  until 
a full  interval  of  integrated  time  (torque  duration  indication)  has  been  totalized  v'r  a cvunplete 
latigue  cvcle  (level  exceedance  indication)  has  been  cviunted. 

I he  svvttchevi  28  \ DC  is  taken  to  the  fMC'-H  (electii'mechtinical  cv'untei-higli)  output 
which  IS  coupled  to  v'lie  side  of  all  readout  coils. 

As  indicated  m Section  J 2.4  the  isutpui  of  the  pre-counter  comprises  a 4-line  BC  l>  address 
(()  to  9 corresponding  to  readouts  for  bands  I to  10  rcspectivelv ) which  is  enabled  when  a retidoul 
coil  is  to  be  energized.  1 he  pre-counter  output  address  is  taken  to  address  inputs  C).AI)-I  tv' 
C)AI)-8  (fig.  II). 

Optical  isvilators  C22  to  Cd5  transfer  the  input  address  to  the  input  of  the  BC  O to  decimal 
decv'der  Q6  without  signal  inversion  A high  state  is  generated  on  the  selected  oui|iut  of  this 
decoder.  Darlington  transistor  arravs  and  A? 1 0 driven  from  the  lO-line  output  fri'm  the  decvxler 
provide  adequate  current  output  for  the  readout  coils.  T>pically  the  readout  coils  draw  about 
l2()m.A  when  energized. 

Isolation  of  indteator  circuit  common  and  28  \'IX'  power  common  is  achieved  bv  the  use 
of  the  optical  isolators.  Actually  the  indicator  common  is  connected  to  chassis  in  the  vicinitv 
of  the  analogue  amplilier  input.  Chassis  is  remotely  connected,  via  the  aircraft  frame,  to  the 
negative  side  of  the  28  VDC'  input.  W ith  this  arrangement  a single  point  grounding  is  achieved 
thus  preventing  the  (low  of  ground  loop  currents  through  the  indicator  chassis.  Dutput 
transistors  and  the  deciider  are  powered  from  a nvvminal  ■ ^ V supply  derived  from  the 
switched  28  VDC  supply  by  Zener  divide  CR4  and  assvx'iated  components. 

To  facilitate  the  adjusiment  (Sec.  .1.2.2)  and  checkout  of  the  indicator  the  8-line  ADC  otitput 
(fig.  .M  is  butVered  via  Q7  and  D8  (refer  to  interwiring  details  in  Appendix  2)  and  taken  to 
otitpul  signal  monitor  ci'nnector  J.V  Ancillary  display  equipment  coupled  to  that  connector  is 
Used  to  provide  an  octal  display  ((XK)  to  }77  corresponding  to  (XX)  lo  25.8  decimal)  of  the  ADC 
output  Other  signals  Mf  C l K.  l.fCl.K.  and  OIJTPIIT  Ci.A'lf  (also  referred  to  .is  Of'Tl’l'T 
ADDRTSS  DlSABl.f  f 14  in  Sec.  -V2.4)  are  similarly  bulVered  whereas  the  SI  ART  SA  NC 
which  originates  as  an  oulptil  from  bulVer  Q7  is  taken  directly  to  J.V 

It  has  been  Ibiind  desirable  to  permanently  ground  the  f'N.ABl  f input  (fig.  11)  ihus 
enabling  the  tri-state  outputs  of  hulVers  Q7  and  Q8  which  carry  the  8-bit  ADC  information. 
Because  the  conversion  time  is  only  about  4 /is  negligible  dicker  results  if  the  output  is  displayed 
directly  even  if  the  maximum  conversion  rale  of  8ld2  Hz  were  selected.  Some  tests  were  success- 
fully performed  with  the  FNzABl  F input  connected  to  the  OCTPCT  DlS.ABl  f (waveform  5 
of  fig.  6)  which  switches  low  at  the  LFC'LK  rate  for  an  interval  of  8T  (approximately  8 /is). 


However  vince  tri-state  devices  Q7  and  Q8  draw  more  supply  current  when  in  the  high  impedance 
state  it  was  considered  best  to  permanently  enable  the  tri-state  outputs. 

A listing  of  the  signals  to  be  coupled  to  the  output  signal  monitor  connector  J3  (Appendix  1) 
is  given  below. 


Signal  Description 

Output  Buffer 
Designation  (Fig,  1 1 ) 

ADC  Bit  1 

BUF  1 

ADC  Bit  2 

BUF  2 

ADC  Bit  3 

BUF  3 

ADC  Bit  4 

BUF  4 

LF  CLK 

BUF  5 

START  SYNC 

START  SYNC 

ADC  Bit  5 

BUF  7 

ADC  Bit  6 

BUF  8 

ADC  Bit  7 

BUF  9 

ADC  Bit  8 

BUF  10 

OUTPUT  GATE 

BUF  1 1 

HF  CLK 

BUF  12 

4.  CALIBRATION  AND  TEST  PROCEDURES 

Calibration  and  test  procedures  for  the  Mk.2  system  are  similar  to  those  adopted  for  the 
Mk.l  system'. 

For  full  scale  calibration  a dead  weight  pressure  tester  capable  of  providing  calibration 
pressures  in  the  range  0 to  ISOpsi  adjustable  in  increments  of  not  more  than  I psi  is  required. 

Functional  checking  of  the  equipment  using  a tester  (as  for  the  Mk.  1 system)  which  incorpor- 
ates a series  of  resistors,  which  may  be  switched  in  turn  across  one  arm  of  the  strain  gauge  bridge 
(within  the  pressure  transducer)  is  used. 

To  facilitate  re-calibration  and  checkout  of  the  Torque  Spectrum  Indicator  a Signal  Monitor 
(Fig.  13)  is  used.  This  item  of  ancillary  test  equipment,  used  for  ground  checking  purposes  only, 
is  plugged  directly  into  the  output  signal  monitor  socket  J3  in  the  indicator.  Displays  Ql  to 
(Fig.  13)  provide  numerical  indication  of  the  ADC  output  in  octal  code  and  facilitate  adjustment 
of  the  zero  and  gain  potentiometers  in  the  analogue  amplifier  at  the  time  of  calibration. 

Power  for  the  monitor  is  drawn  from  the  indicator  • 5V  supply  so  that  connection  to  an 
external  power  source  becomes  unnecessary.  Current  demand  for  the  monitor  is  about  0-3  A. 

For  operational  checking  of  the  indicator,  output  signals  HF  CLK,  LF  CLK,  OUTPUT 
GATE  and  START  SYNC  are  brought  out  to  readily  accessible  jacks  on  the  front  panel  of 
the  monitor. 

5.  PERFORMANCE  OF  COMPLETED  CIRCUITS 

The  Torque  Spectrum  Indicator  (Fig.  14)  has  been  manufactured  as  a ruggedized  unit 
which  may  be  "hard"  mounted  in  a helicopter  or  other  vehicle.  A set  of  three  such  indicators 
was  fitted  in  a Sea  King  helicopter  (operated  by  the  RAN)  in  June  1978  and  have  been  success- 
fully acquiring  torque  data  which  will  allow  computations  to  be  made  on  the  safe  fatigue  life 
of  critical  gears.  These  indicators  have  been  set  for  torque  duration  indication  with  the  follow  ing 
parameter  settings: 

(i)  Conversion  rate  of  1024  per  second  for  each  transducer  channel. 

(ii)  Totalized  time  increments  of  I second  for  the  electromechanical  counters. 

(iii)  Electromechanical  counter  energizing  pulse  duration  of  125  millisecond. 

At  the  completion  of  each  flight  the  readouts  for  the  three  indicators  are  photographed. 
Periodically  the  photographs  arc  sent  to  these  laboratories  for  analysis. 


Operation  of  the  indicators  using  all  the  available  link  options  has  been  fully  checked. 
Similarly  all  ancillary  function  testing  and  display  equipment  has  been  manufactured  and 
fully  tested, 

.■\s  indicated  in  Section  3,2.4  the  electromechanical  impulse  counters  have  been  checked  for 
operation  at  higher  switching  rates.  Under  laboratory  conditions  faultless  operation  has  been 
demonstrated  at  30  Hz  rate  using  A s pulses.  Further  testing  would  be  required  to  establish 
whether  the  above  pulse  duration  was  adequate  under  more  severe  environmental  conditions.  If  the 
30  Hz  rate  can  be  accommodated  then  the  present  electromechanical  impulse  counters  (Appendix 
1.5),  when  used  in  a level  exceedance  indicator,  would  provide  individual  cycle  counting  according 
to  the  following  specification: 

(i)  Maximum  signal  frequency  for  output  on  a single  counter  would  be  30  Hz 
approximately. 

(ii)  Maximum  signal  frequency  for  output  on  all  10  counters  would  be  3 Hz  approximately. 

(iii)  Transients  equivalent  to  3 cycles  (traversing  full  range  of  the  10  counters)  at  up  to 
about  100  Hz  rate  could  be  accommodated  without  data  loss. 

Similar  counters  (to  those  used  for  the  above  lest)  having  a maximum  counting  rate  of 
50  Hz  are  available  from  the  same  manufacturer.  Such  counters  could  be  used  if  wider  signal 
bandwidth  were  required. 

The  specified  counters  are  quite  suitable  for  torque  duration  indication  in  Sea  King  heli- 
copters. Similar  counters  used  in  the  Mk.l  Analyser  have  demonstrated  their  reliability  since 
their  installation  in  1975. 

Each  indicator  requires  1 15  VAC  400  Hz  single-phase  and  28  VDC  primary  power  supplies. 
Current  demands  are  as  tabulated  below. 


Supply 

Current  Demand 

115  VAC 

0-25  A 

28  VDC 

30  mA  (average),  135  mA  (peak) 

Measured  current  demands  for  regulated  supplies  internal  to  the  indicator  are  given  in  the 
following  table. 


Supply 

Current  Demand 

V.^..,(  , 15  V) 

70  mA  (one  transducer),  100  mA  (two  transducers) 

V«b(-I5  V) 

70  mA  (one  transducer),  100  mA  (two  transducers) 

Vr-r  ( t 5 V) 

1 ’45  A (indicator  only),  1 '75  A (with  signal  monitor  connected) 

6,  SUMMARY  OF  EXPERIMENTAL  RESULTS 

a)  A simple  system  of  indicating  either  the  totalized  time  that  torque  loading  falls  within 
each  of  a number  of  specified  bands  or  the  total  number  of  times  a certain  pair  of  torque 
levels  is  traversed  (i.e.  fatigue  cycles)  is  described. 

b)  Load  sensing  is  via  a single  transducer  and  only  two  adjustments  are  necessary  at  the 
time  of  calibration. 

c)  Individual  torqueband  limits  are  set  by  a plug-in  field  programmable  read-only-memory. 
Band  limits  may  be  varied  in  steps  of  about  0'4‘'„  of  full  torque  range.  Any  system 
non-linearity  can  be  allowed  for  in  the  read-only-memory  program  so  that  0'4"„  overall 
linearity  is  guaranteed. 
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d)  Totalizing  of  lime  that  torque  loading  falls  within  each  hand  is  performed  with  the  aid 
of  an  electronic  pre-counter  with  typically  I millisecond  resolution  A single  lime-shared 
counter  and  random  access  memory  performs  the  pre-counting  function  for  all  bands. 
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APPENDIX  I 
Componeol  IJsIsi 


I he  following  tables  list  the  components  used  in  the  circuits  described  in  the  text.  Compo- 
nents have  been  given  an  identification  label  (or  legend)  consisting  of  a letter  prefix  followed  by 
a number.  The  letter  prefix  identilies  the  class  of  component  as  indicated  in  the  following  table. 


Class  of  Component 

Letter  Prefix 

Resistor 

R 

Capacitor 

C 

Diode 

CR 

Integrated  or  hybrid  circuit 

Q 

Test  socket 

TS 

Power  supply 

PS 

Electromechanical  counter 

EMC 

Chassis  mounted  plug  or  swket 

J 

Transistor 

TR 

Crystal 

XL 

Relay 

K 

Card  extractor  handle 

CEH 

The  number  following  the  letter  prefix  identilies  the  particular  component  of  the  specified 
class. 

Resistance  and  capacitance  values  given  in  the  component  lists  (and  also  marked  on  the 
circuit  diagrams)  are  given  respectively  in  units  of  ohm  and  picofarad  (where  K 10^'  and 
M = 10*  multiplication  factors).  Thus  a capacitance  value  designated  10  K means  I0  0(X) 
picofarad  and  a capacitance  designated  6-8  M means  6-8  x 10*  picofarad  or  6-8  microfarad. 


1.1  Components  for  Board  A (Analogue  Amplifier  and  Transducer  Excitation  Generator) 


Legend 

Value 

Description 

Rl 

.SOO 

Resistor,  variable,  Vishay  Type  I202P. 

R2 

680 

Resistor,  fixed,  metal  on  glass,  Vishay  Type  S 102,  ± 1 PPM/'  C,  0- 1 

R.l 

Use  shorting  link  for  present  application. 

R4 

2 K 

As  for  R2 

R5 

Use  shorting  link  for  present  application. 

R6 

5-6 

Resistor,  fixed,  wirewound,  Welwyn  Type  W2l,  2-5  watt 

R7 

.S60 

Resistor,  fixed,  metal  glaze,  IRH  Type  RNI/4,  0-25  watt. 

±25  PPM/T,  1".,. 

R8 

100 

As  for  R7 

R9 

1 K 

As  for  Rl 

RIO 

4 3 K 

As  for  R2 

Rll 

Use  shorting  link  for  present  application. 

R12 

2-4K 

As  for  R7 

I.l  Components  for  Board  ((\>i)iiiuji-il) 


1 cjicnd 

\'.iluc 

DcMTiption 

C'I5 

As  (or  C.1 

CI6 

KM)  K 

As  lor  12 

CI7 

1 M 

As  for  C2.  ) U)'  „ 

CIS 

1 M 

As  for  C2.  ) l()"„ 

Cl‘> 

1 M 

As  for  C2,  ♦ l()"„ 

C20 

Select  salue  on  test  to  jiise  .Cb  Nf  t 5"„  tv'tal  c.iisacnance. 

c:i 

.V«)  k 

As  for  C2.  ) 10"  „ 

c:: 

Seleci  salue  i>ii  lesi  to  j:i\e  4(H)  k 'otal  capacitance 

.vto  k 

As  for  C2.  t It)",. 

c:4 

Select  salue  on  test  ts)  jtise  4(H)  k t (oial  s'apacitanse. 

C 25 

KK)  k 

As  for  C2 

c:<. 

As  for  (1 

C27 

1(H)  k 

As  for  C2 

C2S 

1(H)  k 

As  lor  C2 

C2') 

1(H)  k 

As  for  C2 

<^l 

Iniejtraieil  circuK,  soliajte  regulator,  1 M72.)C.  14  pin  Dll  , NS 

Q2 

Integrates!  circuit.  o|serational  amplifier.  1 M.'OSAH,  S pin  lO.s.  NS 

Inlegrateii  circuit,  precision  instrumentation  atnplitier.  .M).‘'2lk, 

14  pin  1)11..  Analog  Desices 

Q4 

As  for  (^,) 

Q5 

As  for  y2 

Qb 

As  (\ir  Q2 

TRl 

Iransistor,  silicssn.  NPN.  2N22I4A.  mssutsv  isn  ItcatsinH 

I'herntallos  22I2B  (for  105  can) 

TR2 

Transistor,  silicisn.  I’NP.  2N.CH)2.  mount  on  heatsink  — 

Tliernialloy  221 2B 

1.1 

27 

Inductor,  27  microhenry,  Cambissn  ts|H’  2.''‘)()  .)() 

TSI 

Test  srH'ket,  sshite.  Amp  Part  No.  .(-582118-4 

rs2 

Test  socket,  sshite.  Amp  Part  No,  .(-5821 18-4 

IS.? 

Test  socket,  green.  Amp  Part  No.  ,(-5821 18-5 

rs4 

Test  socket,  yellosv.  Amp  Part  No.  .(-582118-4 

rs5 

Test  socket,  black.  Amp  Part  No.  .(-5821 18-<) 

rsb 

Test  sisckel.  blue.  Amp  Part  No,  .(-582ll8-b 

TS7 

Test  socket,  red.  Amp  Part.  No.  .(-5821 18-2 

CKM 

Printed  circuit  board  extractor  handle,  F.l-CO  (l  les-tronic  Tngineering 

I'ompany)  type  H40.( 

1.2  Component  for  Board  H (Hand  Separator) 


l.C{tcnd 

Value 

Description 

Rl 

UXl 

Resistor,  variable.  22  turn,  wire  wound.  Bourns  Mixlel  t057l’. 
only  required  for  bipolar  operation 

R2 

470 

Resistor,  lixerl.  metal  gla/e,  IRH  Type  RNI  4.  0-25  watt 

R3 

470 

As  for  R2 

R4 

470 

As  for  R2 

R.S 

470 

As  for  R2 

R^ 

470 

As  for  R2 

C'l 

l(X>  K 

Capacitor,  fixed,  phenolic  dipped  ceramic,  N'ltaniron  N'k.V'BVN  series 

C2 

UK)  K 

As  for  C 1 

C.1 

6 8 M 

Capacitor,  fixed,  electrolytic,  tantalum,  Sprague  I'>|x*  l4pD.  .l.S  VW 

t'4 

KXIK 

■As  for  Cl 

C'5 

IIX)  K 

As  for  Cl 

t'6 

UX)  K 

As  for  C 1 

C'7 

KXl  K 

As  for  Cl 

f8 

l(X1  K 

As  for  Cl 

l(X)  K 

As  for  Cl 

CIO 

470 

Capacitor,  lixed.  phenolic  dipped  ceramic,  N'ltranion  \ K2.fBV\'  scries 

Cll 

44 

Capacitor,  variable.  4 to  44pR.  Philips  2222-804 -07tX'i8 

Cl  2 

If  necessary  add  lixed  capacitor  from  Vitramon  \'k24BA  or 
VK.23BW  series  to  obtain  requisite  output  frequency 

Cl  3 

470 

As  for  C'8 

CI4 

470 

As  for  C8 

Ml 

Crystal,  2 0471.^2  MH/,  HA'-Q  coding  CD\.  mounted  mean  type  D. 
mount  in  August  sivliet  assembly  Class  .''2.>  Part  No  8(XXVACi.^P 

Ql 

Analog  to  digital  converter.  8-bit.  Datel  Ntixlel  1 MSB 

Q2 

i 

Integrated  circuit,  quad  2-input  NOR  gate.  SN74(12N.  I4D1I 

Integrated  circuit,  quad  2-inpul  NANO  gale.  SN74IX1N.  I4DII 

Q4 

Integrated  circuit,  hex  inverter.  SN7404N.  14DII 

Q5 

Integrated  circuit,  quad  2-input  AND  gate.  SN74f>8N.  I4DII 

o 

Integrated  circuit,  hex  inverter,  SN74tMN.  I4DII 

Q7 

Integrated  circuit.  4-bit  magnitude  comparator.  SN7485N.  NS.  IhDll 

Q8 

Integrated  circuit.  4-hii  magnitude  comparator.  SN74S.'N.  NS.  IhDII 

Q4 

Integrated  circuit,  256  bit  ROM.  DM8578N,  NS.  (alternatively 

82SI2.7,  Signetics).  I6DII.,  mount  in  siX'kel 

QIO 

Integrated  circuit.  4-bit  binary  counter,  SN744,tN.  I4DII 

Qll 

Integrated  circuit,  dual  2:  4 demultiplexer.  SN74I55N.  IhDII 

QI2 

Integrated  circuit,  quad  2-inpul  OR  gate.  SN74.t2N.  14DII 

yi-' 

Integrated  circuit.  Iri-slale  programmable  binary  counter. 

DM85.S6N.  NS.  IhDII 

QI4 

Integrated  circuit,  16-bil  RAM,  SN7484N.  IhDII 

QI5 

Integrated  circuit,  dual  D Hip  flop.  SN7474N.  I4DII 

QI6 

Integrated  circuit,  quad  2-input  OR  gate.  SN74,t2N.  14D11 

CRH 

Printed  circuit  bvvard  extractor  handle.  RIT'O  ly|v  M4(\t. 

1.3  Components  for  Board  C (Pre-counter) 


Legend 

Value 

Description 

Rl 

470 

Resistor,  fixed,  metal  glaze,  IRH  Type  RNI/4,  0 25  watt 

Cl 

6-8  M 

Capacitor,  fixed,  electrolytic,  tantalum,  Sprague  Type  I96D,  35VW 

C2  -C8 

100  K 

Capacitor,  fixed,  phenolic  dipped  ceramic,  Vitramon  VK33BW  series 

C9 

1-5  K 

As  for  C2 

CIO 

470 

Capacitor,  fixed,  phenolic  dipped  ceramic,  Vitramon  VK23BW  series 

Cll 

150 

As  for  CIO 

CI2 

470 

As  for  CIO 

Ql 

Integrated  circuit,  tri-state  quad  buffer,  DM8094,  NS,  14D1L 

Q2 

Integrated  circuit,  tri-state  quad  2-input  multiplexer,  DM8123,  NS, 
I6DIL 

Q3 

Integrated  circuit,  tri-state  programmable  decade  counter,  DM8555, 
NS,  16DIL 

04 

Integrated  circuit,  quad  2-input  OR  gate,  SN7432N,  I4DIL 

Q5 

Integrated  circuit,  64-bit  RAM,  SN7489N,  I6DIL 

Q6 

Integrated  circuit,  up-down  binary  counter,  SN74I93N,  I6DIL 

Q7 

Integrated  circuit,  quad  2-input  AND  gate,  SN7408N,  14DIL 

08 

Integrated  circuit,  triple  3-input  NAND  gate,  SN7410N,  14DIL 

09 

Integrated  circuit,  64-bit  RAM,  SN7489N,  16DIL 

010 

Integrated  circuit,  up-down  binary  counter,  SN74I93N,  I6DIL 

QJI 

Integrated  circuit,  hex  inverter,  SN7404N,  14DIL 

QI2 

Integrated  circuit,  64-bit  RAM,  SN7489N,  I6DIL 

013 

Integrated  circuit,  up-down  binary  counter,  SN74193N,  16D1L 

014 

Integrated  circuit,  quad  2-input  NOR  gate,  SN7402N,  I4DIL 

015 

Integrated  circuit,  quad  2-input  AND  gate,  SN7408N,  I4DIL 

016 

Integrated  circuit,  quad  2-input  OR  gate,  SN7432N,  I4DIL 

QI7 

Integrated  circuit,  quad  2-input  OR  gate,  SN7432N,  14DIL 

018 

Integrated  circuit,  quad  2-input  NAND  gate,  SN7400N,  I4DIL 

019 

Integrated  circuit,  dual  D flip  flop,  SN7474N,  14DIL 

020 

Integrated  circuit,  triple  3-input  AND  gate,  SN74IIN,  14DIL 

021 

Integrated  circuit,  dual  D flip  flop,  SN7474N,  14DIL 

022 

Integrated  circuit,  4-bit  binary  counter,  SN7493N,  I4P'L 

023 

Integrated  circuit,  BCD  to  decimal  decoder,  SN7442N,  16D1L 

CEH 

Printed  circuit  board  extractor  handle,  EECO  type  H903 

1.4  Compoanitsi  for  Board  1)  (Start  S^’NC  Grnrralor  and  Output  Driver  C'ircuita) 


IVscriplion 


KesiNtor,  tivctl,  iiietul  gla/e,  IRH  Tvpe  RNI  4.  t)'25  watt 
A;,  lor  R I 
As  for  R I 
As  lor  Rl 

Resistor,  lived,  tiecirosil  Tvpe  CS.  glass-iiii-oxide,  tV5  wall 

As  lor  R I 

As  lor  Rl 

As  lor  R I 

As  for  R I 

As  for  R 1 

As  for  R I 

As  fi>r  R 1 

As  for  R I 

As  for  Rl 


(i  8 M Capacitor,  fixed,  electrolvtic,  tantalum.  Sprague  i>(v  I4M),  IS  \ \v 

100  K Capacitor,  lixed,  phenolic  dipped  ceramic.  \ itramon  X'K.ViBU'  series 

4-7  M C'apacilor.  fixed,  elecirolylic,  tantalum,  Sprague  t>c>e  CSI.7B.  N'W 

47  M As  for  C4 

ItX)  K As  for  C: 

P8M  As  for  Cl 

l>iiHle.  silicon,  OA202,  Philips.  .W  mA.  180  PIV 
OiiKle.  silicon,  IN4(X>7.  I A.  ltXX)PIN 
As  for  CRI 

nuHle.  /ener,  .S  I V,  B/X-7‘)-5  VI.  4(X)  mW 

Integrated  circuit,  voltage  comparator,  I Mdl  IN.  NS 
Integrated  circuit,  optical  isolator,  Hewlett  Packard  ,‘'(782-4.7.80,  8 Dll 
Integrated  circuit,  optical  isolator.  Hewlett  Packard  .8082-4.7.8(7,  8 Dll 
Integrated  circuit,  optical  isolator.  Hewlett  Packard  .8(782—1.7.8(7.  8 Dll 
Integrated  circuit,  optical  isolator,  Hewlett  Packard  ,8(782—1.7.8(7.  8 Dll 
Integrated  circuit,  B('D  to  decimal  decinler  (t'MOS).  CD4(728C,  NS, 
IhDII 

Integrated  circuit,  Iri-staie  hex  hutfer,  DM8(747N.  NS.  Ih  Dll 
Integrated  circuit,  tri-state  hex  hutfer.  DM8t747N.  NS.  Ih  Dll 
Darlington  transistor  array,  7 channel  (.8  onlv  usexll,  Sprague 
I'l  N-2(X7.7A.  IhDII 

Darlington  transistor  array,  7 channel  (8  only  used!.  Sprague 
IH  N-2(X7.7A.  IhDII 

Relay,  Magnecraft  WI18  DIP-I  (or  l-lectrol  .7(7.7810817,  14DII 


Printed  circuit  hoard  extractevr  handle.  l-'l'C'O  type  H‘H7.7 


1.5  Compoaeals  for  Maiafninr 


I cgrnd  IVscripiion 

I MC'-I  ‘FMC'-IO  Electromechanical  impulse  counter,  8 decade.  24V1X'.  210  ohm  coil. 
Hengstler  0-405-265  \siih  sivket 

PS  I Power  supply.  AC'  to  IX'  converter.  * 15V  and  15  V regulated 

outputs.  200  mA.  Semiconductor  C'lrcuits  Inc  . T>i>e  SP5420  with 
options  EB.  K2.  M.  0\'  and  T. 

PS2  Power  supply.  AC'  to  IX'  converter.  . 5 V regulated  output,  2A, 

Semiconductor  C'ircuits  Inc  , Type  SP5441  with  vvptions  TB.  K2, 
M.  0\  and  r. 

Jl  Plug,  chassis  mounting,  6 pm.  Cannon  K P TlXlA  1 0-6P 

J2  SiKkct.  chassis  mounting,  10  pm.  Cannon  KPTtXIA 1 2- lOS 

SiKket,  chassis  mounting.  14  pin,  C'annon  KPTIK1A14-14S 
J4  - J7  .SrKket.  printed  circuit  edge  type,  solder  tab.  floating  evciet,  44  pm 

(22  per  side),  0- 156  inch  pin  spacing.  Cannon  Ci0l.l)44  B2AAKCi 


APPENDIX  2 
lolenvirins  Details 


Details  of  all  interwiring  within  the  Mk,2  Torque  Spectrum  Indicator  are  given  in  this  section. 
The  types  of  cable  specified  in  the  following  table  are  used  for  the  interwiring. 


Legend 

Description 

Wl 

Cable,  twisted  pair  shielded  and  jacketed,  Raychem  type  44A1 121-9,0-9 

W2 

Cable,  hook-up,  multi-stranded,  Ascand  7/0  010,  black  PVC  insulation 

W3 

As  for  W2,  but  with  red  insulation 

W4 

As  for  W2,  but  with  violet  insulation 

W5 

As  for  W2,  but  with  orange  insulation 

W6 

As  for  W2,  but  with  yellow  insulation 

W7 

As  for  W2,  but  with  blue  insulation 

W8 

Cable,  hook-up,  multi-stranded,  Ascand  5,'0  0076,  white  insulation 

W9 

Cable,  hook-up,  single  strand,  30  gauge,  Kynar,  white  insulation 

WIO 

Cable,  shielded  and  Jacketed,  Raychem  type  44A1 1 1-26-. 

A summary  of  the  connectors  together  with  their  application  is  given  in  the  following  table. 
Details  on  the  types  of  connectors  (referred  to  in  this  section)  are  given  in  Appendix  1.5. 


I 


Connector 

Location 

Application 

Jl 

Rear  Panel 

Aircraft  input  power  (1 15V AC  and  28VDC)  connector 

J2 

Rear  Panel 

Transducer  input/output  connector 

J3 

Rear  Panel 

Output  signal  monitor  connector 

J4 

Internal  Chassis 

Board  A (Analogue  Amplifier  and  Transducer 

Excitation)  edge  connector 

J5 

Internal  Chassis 

Board  B (Band  Separator)  edge  connector 

J6 

Internal  Chassis 

Board  C (Pre-counter)  edge  connector 

J7 

Internal  Chassis 

Board  D (Start  Sync  Generator  and  Output  Driver 
Circuits)  edge  connector. 

1 

Pm 

1 

Connected  to 

Signal  Description 

Wire  T>pc 

PSI-I 

Jl-C' 

115  VAC  INPUT 

VN6 

Jl-O 

115  VAC  RETURN 

W2 

-3 

J5-T 

0 . 15  V)  OUTPUT 

W5 

J5-6 

ANALOG  COM(OV) 

W2 

-5 

J5-R 

|■HH(  15  V)  OUTPUT 

W4 

PS2-1 

PSl-1 

115  VAC  INPUT  * 

W6 

PSI-2 

115  VAC  RETURN 

W2 

-3 

J7_B 

T(  < ( • 5 V)  OUTPUT 

W3 

-4 

J7-I,  J3-M 

DIG  COM 

W2 

Wiring  to  Jl 


(Power  Input) 


1 

Pm  1 

i 

Connected  to  * 

Signal  l^rscription 

Wire  Type 

A ■ 

• 28  VDC 

W3 

B 

J7-K  1 

28  VDC  RETURN 
(to  Aircraft  Gnd) 

W2 

C 

PSl-1 

115  VAC 

W6 

D 

PSI-2 

115  VAC  RETURN 

(to  Aircraft  Gnd)  j 

W2 

E 

J3-N 

LF  CLK 

W8 

F 

J3-M 

DIG  COM 

W2 

1 

1 

Wiring  (o  J2 

(Transducer  Input  Output) 


Pin 

A 

B 

C 

0 

E 


nnected  to 

Signal  Description 

Wire  Type 

J4-21 

Shield  Input  A 

WI  Shd(l) 

J4-4 

-Input  A 

WI -Black  (1) 

J4-Y 

1 5 V Excitation 

W6 

J4-3 

i Input  B 

WI  White  (2) 

J4-22 

Shield  Input  B 

WI  Shd(2) 

J4-2 

— Input  B 

WI  Black  (2) 

J4-I7 

— 5V  Excitation 

W7 

J4-5 

t Input  A 

WT  White  (1) 

J4-U 

i 5 V Excitation  Sense 

W8 

J4-18 

— 5 V Excitation  Sense 

W8 

M inas  10  J.« 

(Dutpul  Signal  Monitor) 


Pin 

Connected  to 

Signal  Description 

VN'ire  Tvpe 

A 

J7-P 

AIK  Bit  1 (MSB) 

W8 

B 

J7-T 

ADC  Bit  : 

W8 

C 

J7-5 

ADC  Bit  3 

WS 

l> 

J7-C 

A IX  Bit  4 

W8 

I- 

J7-P 

ADC  Bit  5 

ws 

P 

J7-N 

ADC  Bit  6 

ws 

G 

j7-i: 

ADC  Bit  7 

vcs 

11 

J 

K 

J7-I0 

AIK'  Bit  8 

\V8 

M 

ps:-».  J1-) 

COM 

\v: 

N 

J7-A.  Jl-T 

1 1 Cl  K 

VMO* 

P 

R 

S 

J7-11 

Dili  PUT  GATT 

WS 

T 

J7-l> 

START  SYNC 

W8 

ps:-.) 

5 \ 

W3 

J7-S 

Ml  C'l  K 

WIO* 

Shields  eonnevted  to  J.^-M  at  one  end  and  lelt  open  at  the  other. 


M iring  (o  J4 

(Printed  Circuit  Board  A .Analogue  Amplitier  and  Transducer  Tvcitation  Clenerator) 


Pin 

C'onnected  to 

Signal  Description 

\\  ire  T\tx' 

T 

J5-T 

Tn  ( • 13  V) 

W5 

6 

J5-6 

AN  Al.DG  PW  R CC7M 

w: 

R 

J5-R 

T«h(  15  V) 

W4 

s 

j:-h 

■ Input  A 

Wl 

white  (1) 

4 

J2-B 

Input  .A 

W1 

black  ( 1 ) 

3 

j:-d 

• Input  B 

Wl 

white  (2) 

2 

J2-T 

Input  B 

Wl 

Mac).  (2) 

A 

J2-C 

1 K,.(  t 5V  TDR  TNCIT) 

W8 

11 

J2-J 

I k,.  STNST 

WS 

21 

J2-A 

OUTPUT  COM  (Shd  IP  A) 

W 1 

Shd  ( 1 ) 

ss 

j:-r: 

OUTPUT  C OM  (Shd  IP  B) 

W 1 

Shd  (2) 

A 

OUTPUT  COM 

W2 

W 

J5-3 

ANALOG  OUTPl'T 

W4 

18 

J2-K 

Tk.v  STNST 

WS 

17 

J2-G 

1 K.v  ( 5 V TDR  TXCIT) 

W7 

NN  irint!  to 

I I’l lilted  I iieuil  Board  B band  Sepaialor) 


I'm 

<.  v'lmcelcd  lo 

Sijmal  1 V'eriiiiion  | 

1 rc  1 > pc 

1.  A 

Jo  1.  IS  :: 

DKilOM 

w: 

B 

Jo  B 

1 ( . ( s \ ) 

W J 

I 

I'Sl  J4  1 

> , , ( 1 5 \ ) 

\S  s 

(> 

I'SI  4,  J4  0 

AN  At  ()(;  COM 

w : 

R 

I'Sl  s,  )4  K 

tool  15  \) 

\\4 

t 

J4  VV 

\NAI  (Hi  IM’I  1 

U') 

4 

J4  \ 

IM'l  1 COM 

\\4 

s 

Jo- IN 

1 1 Cl  K 

\\4 

1 

Jo  14 

C I \ 1 1 

W'l 

r 

JO-0 

\n  s 

U 4 

IS 

Jo  ' 

\ 1 ) 4 

W 4 

:o 

Jo  11 

\n-: 

W ' 

'I 

Jo- 10 

\n  1 

\\4 

S 

J'  1 

Bn  S 

\\4 

i(> 

1'  M 

Bit  ’ 

\\4 

1’ 

J 1 J 

Bn  0 

CCO 

1 

r-/ 

Bn  5 

\\4 

1 1 

J'  : 

Bn  4 

\S4 

10 

1’  4 

Bn  J 

\\4 

1 

J '-  (> 

Bn  : 

\\4 

M 

J’’-' 

Bn  1 

\\4 

i: 

jo-:o 

SI  ARI  SYNC' 

\\4 

M 

lo-l' 

HI  C l k 

\\4 

|0 

\o  coniicelion 

C)l  1 IH  1 DISABl  1 

•>  > 

(.  lia'M-.  1 erni 

Chassis  Cirotind  Conneelion 

w : 

\\  irin}>  to  Jh 

ll’rinlod  C ireiiil  Board  C'  Prc-C'ountcrl 


I'm 

Ci’iincctcd  lo 

Siimal  DcscripiiiMi 

Wire  Ispe 

I.  A 

J'-l.  J5-A. 
Jo-:: 

Die;  COM 

w: 

B 

J’-B.  J5-B 

1 , (■  ( • 5 V) 

W J 

U 

J'-ll,  J5-M 

HI  C l k 

W4 

:() 

j’-n.  J5  i: 

START  S^  NC 

W4 

T 

J‘’-4 

OLiTPLJT  GAM 

W4 

0 

j5-r 

AO-S 

W4 

■* 

J5-IS 

An-4 

W4 

II 

j5-:o 

AO-: 

W4 

10 

JS-t 

AD-I 

W4 

i: 

J7-14 

OAl>-l 

W4 

i.j 

J7-l^ 

o\n-: 

W4 

s 

J7-10 

OM)-4 

W4 

p 

J’-15 

c4An-s 

W4 

IS 

.P_.V  Js  -S 

1 1 Cl  k 

W4 

14 

J5-1 

GATT 

W4 

Jo-1 

DIG  C'GM 

w : 

Wiriog  to  J7 

(Printed  Circuit  Board  D -Start  Sync  Generator  and  Output  Driver  Circuits) 


Pin 

Connected  to 

Signal  Description 

Wire  Type 

1 

PS2-4,  J6-A,  J3-M 

DIG  COM 

W2 

B 

PS2-3,  J6-B 

Per  ( • 5 V) 

W3 

J 

Jl-A 

• 28  VDC 

W3 

K 

Jl-B 

28  VDC  RETURN 

W2 

15 

J6-P 

OP  Address  8 

W9 

16 

J6-S 

OP  Address  4 

W9 

17. 

J6-I3 

OP  Address  2 

W9 

14 

36-12 

OP  Address  1 

W9 

3 

36-18 

LF  CLK 

W9 

2 

35-11 

ADC  Bit  4 

W9 

4 

35-10 

ADC  Bit  3 

W9 

6 

35-L 

ADC  Bit  2 

W9 

7 

35-H 

ADC  Bit  1 

W9 

D 

36-20,  33-T 

START  SYNC 

W9,  W8 

A 

33-N 

Buf.  LF  CLK 

W8 

C 

33-D 

Buf.  Bit  4 

W8 

5 

33-C 

Buf.  Bit  3 

W8 

E 

33-B 

Buf.  Bit  2 

W8 

F 

33-A 

Buf.  Bit  1 

W8 

S 

37-1 

DIG  COM 

W2 

P 

33-E 

Buf.  Bit  5 

W8 

N 

33-F 

Buf.  Bit  6 

W8 

12 

33-G 

Buf.  Bit  7 

W8 

10 

33-H 

Buf  Bit  8 

W8 

II 

33-S 

Buf  OUTPUT  GATE 

W8 

8 

33-V 

Buf  HF  CLK 

W8 

Z 

35-13 

ADC  Bit  5 

W9 

13 

35-P 

ADC  Bit  6 

W9 

M 

35-16 

ADC  Bit  7 

W9 

L 

35-S 

ADC  Bit  8 

W9 

9 

36-T 

OUTPUT  GATE 

W9 

H 

36-U 

HF  CLK 

W9 

T 

“High"  Side  of  all 
Electromech  Count. 

EMC-H 

W6 

U 

“Low"  EMC-IO 

EMC-IOL 

W8 

18 

“Low"  EMC-9 

EMC-9L 

W8 

V 

“Low"  EMC-8 

EMC-8  L 

W8 

19 

“Low"  EMC-7 

EMC-7L 

W8 

W 

“Low"  EMC-6 

EMC-6L 

W8 

22 

“Low"  EMC-5 

EMC-5L 

W8 

Y 

“Low"  EMC^ 

EMC-4L 

W8 

21 

“Low"  EMC-3 

EMC-3L 

W8 

X 

“Low"  EMC-2 

EMC-2L 

W8 

20 

“Low"  EMC-I 

EMC-I  L 

W8 

FIG.  1 BLOCK  SCHEMA  OF  TORQUE  LOAD  INDICATING  SYSTEM 
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FIG.  2 ANALOGUE  AMPLIFIER  AND  TRANSDUCER  EXCITATION  GENERATOR 


FIG.  4 BAND  SEPARATOR 
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FIG.  9 WAVEFORMS  1 TO  19  FOR  PRE-COUNTER 
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FIG.  1 1 START  SYNC  GENERATOR  AND  OUTPUT 
DRIVER  CIRCUIT 


FIG.  12.  COMPONENT  LAYOUT  FOR  START  SYNC 

GENERATOR  AND  OUTPUT  DRIVER  CIRCUIT 


FIG.  13  TORQUE  SPECTRUM  INDICATOR  SIGNAL  MONITOR 
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